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1.1
C h a p t e r  1
INTRODUCTION
1 «1 G e n e r a l
Rock m a g n e t i s m  i s  t h e  s t u d y  o f  t h e  m a g n e t i c  p r o p e r t i e s  
o f  r o c k s ,  and p a l a e o m a g n e t i s m  f o r m s  one b r a n c h  o f  t h i s  d i s c ­
i p l i n e .  P a l a e o m a g n e t i s m  i s  c o n c e r n e d  w i t h  t h e  n a t u r a l  ( " f o s s i l " )  
r e m a n e n t  m a g n e t i z a t i o n  o f  r o c k s  w i t h  t h e  p a r t i c u l a r  o b j e c t i v e  
o f  s t u d y i n g  t h e  E a r t h ’ s m a g n e t i c  f i e l d  d u r i n g  t h e  g e o l o g i c a l  
p a s t .  The s t u d y  i s  b a s e d  on t h e  s u p p o s i t i o n  t h a t  a  r o c k  
a c q u i r e s  a  r e m a n e n c e  a t  t h e  t i m e  of  i t s  f o r m a t i o n ,  t h e  d i r e c t i o n  
o f  w h i c h  i s  p a r a l l e l  t o  t h e  E a r t h ' s  f i e l d ,  so t h a t  i t  i s  p o s s i b l e  
t o  i n f e r  t h e  d i r e c t i o n  o f  t h e  E a r t h ' s  f i e l d  a t  t h e  t i m e  o f  t h e  
f o r m a t i o n  o f  t h e  r o c k  by an  e x a m i n a t i o n  o f  i t s  r e m a n e n t  m a g n e t ­
i z a t i o n .  The i n t e n s i t y  o f  m a g n e t i z a t i o n  i s  r e l a t e d  w i t h  t h e  
s t r e n g t h  o f  t h e  E a r t h ' s  f i e l d  a t  t h a t  t i m e ,  b u t  i n  a  co m p le x  
m a n n e r ,  and most  p a l a e o m a g n e t i c  work i s  c o n c e r n e d  w i t h  t h e  
d i r e c t i o n s  o f  r e m a n e n t  m a g n e t i z a t i o n .
The  main  p r o b l e m s  i n  p a l a e o m a g n e t i s m  a r e  t o  t e s t  t h e  
v a l i d i t y  o f  t h i s  b a s i c  s u p p o s i t i o n  and t o  e s t a b l i s h  t h a t  t h e  
d i r e c t i o n  a c q u i r e d  a t  t h e  t i m e  t h e  r o c k  f o r m e d  h a s  n o t  c h a n g e d
1
1. 1
b e f o r e  i t s  measurement i n  t h e  l a b o r a t o r y *  To form a backg ro u n d  
a g a i n s t  w hich  t h e s e  p ro b le m s  can be examined,  a  d e s c r i p t i o n  of  
some i d e a s  of  t h e  o r i g i n  of  " f o s s i l "  m a g n e t i z a t i o n  i s  g i v e n  
( S e c t i o n  1 . 2 )*  T h i s  a c c o u n t  i s  b r i e f  a s  t h i s ,  an h i s t o r i c a l  
o u t l i n e  and a d e s c r i p t i o n  of  some f e r r o m a g n e t i c  m i n e r a l s  has  
b e e n  g i v e n  i n  a p r e v i o u s  d i s s e r t a t i o n  f o r  an M«Sc« d e g r e e  
(London  1959)« The g e n e r a l  p r o c e e d u r e  i s  t o  o b t a i n  o r i e n t e d  
r o c k  s a m p le s  i n  t h e  f i e l d  ( S e c t i o n  1*7) and measure  t h e i r  
r e m a n e n t  m a g n e t i z a t i o n  l a t e r  i n  t h e  l a b o r a t o r y  ( S e c t i o n  1*8)•
As t h e  r e s u l t s  f o r  t h e  spec im en  d i r e c t i o n s  a r e  u s u a l l y  s c a t t e r e d  
w i t h i n  t h e  same r o c k  u n i t ,  t h e  d i r e c t i o n s  a r e  e x p r e s s e d  as  
a v e r a g e  d i r e c t i o n s  ( S e c t i o n  1«9) so t h a t  c o m p ar i s o n  can  be made 
b e tw e e n  d i f f e r e n t  s i t e s  i n  t h e  same r e g io n *  C om par ison  be tw een  
d i f f e r e n t  r e g i o n s ,  however ,  r e q u i r e s  t h e  u s e  of  some model  f o r  
t h e  f i e l d  a s  t h e  d i r e c t i o n s  of  t h e  E a r t h ' s  f i e l d  v a r i e s  s p a t i a l l y *  
The s i m p l e s t  model  i s  t o  assume a u n i f o r m l y  m a g n e t i z e d  s p h e r e ,  
and  t o  d e t e r m i n e  t h e  a x i s  of  m a g n e t i z a t i o n  of  t h e  s p h e r e  -  t h e  
p a l a e o m a g n e t i c  p o l e s  -  and t o  compare t h e i r  p o s i t i o n  f o r  
d i f f e r e n t  r e g i o n s *
As no p a l a e o m a g n e t i c  work had p r e v i o u s l y  b e e n  done i n  
t h e  sam p led  a r e a s  and t h e  g eo lo g y  i s  o f t e n  o b s c u r e ,  t h e  s i t e s  
were  randomly  d i s t r i b u t e d  i n  an  a t t e m p t  t o  o b t a i n  an  o u t l i n e  of  
t h e  p a l a e o m a g n e t i c  p i c t u r e  a t  any one i s l a n d «  The work i s ,  
t h e r e f o r e ,  e s s e n t i a l l y  a  r e c o n n a i s s a n c e  s u rv e y  w hich  i s
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n o t  s u f f i c i e n t l y  d e t a i l e d  t o  answ er  many of t h e  p ro b le m s  which 
can  be o n ly  b r i e f l y  o u t l i n e d  h e re*  An a t t e m p t  i s  made ( l )  t o  
o b t a i n  a n s w e r s  t o  some s p e c i f i c  p ro b le m s  o r  t o  p u t  l i m i t s  on 
v a r i o u s  h y p o t h e s e s ,  (2) t o  i n d i c a t e  r e g i o n s  which  may be of  
s i g n i f i c a n c e  i n  t e s t i n g  v a r i o u s  h y p o t h e s e s ,  and ( 3 ) t o  s u g g e s t  
f u r t h e r  e x p e r i m e n t s  which c o u ld  be u n d e r t a k e n  on t h e  m a t e r i a l  
w h ich  has  a l r e a d y  been  o b t a i n e d *
1*2 Scope and P u r p o s e
Rock sam p les  were c o l l e c t e d  f rom e i g h t  i s l a n d  g ro u p s  
i n  t h e  P a c i f i c  (F ig s *  1 - i  and 1 - i i )  and f rom Aden, and t h e i r  
n a t u r a l  rem anen t  m a g n e t i z a t i o n  (NRM) was d e t e r m i n e d  i n  t h e  
G e o p h y s ic s  D ep a r tm en t  o f  t h e  A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y ,  
C a n b e r r a *  At t h e  t im e  of  i n c e p t i o n  of  t h i s  s t u d y ,  no o t h e r  
p a l a e o m a g n e t i c  work had been  u n d e r t a k e n  w i t h i n  t h e  P a c i f i c  
B a s i n ,  which f o rm s  one t h i r d  of  t h e  E a r t h ' s  s u r f a c e ,  a l t h o u g h  
d a t a  was a v a i l a b l e  f rom  v a r i o u s  r e g i o n s  on i t s  m arg in  su ch  a s  
J a p a n ,  New Z e a l a n d ,  N or th  A m er ica ,  K u r i l e  I s l a n d s  and A n t a r c t i c a *  
F o u r  o f  t h e  i s l a n d  g ro u p s  -  H a w a i i ,  S o c i e t y ,  Cook and Samoa -  
a r e  p r i m a r i l y  composed of  o c e a n i c  b a s a l t  and a r e  r e g a r d e d  a s  
t r u e  o c e a n i c  i s l a n d s *  Two g r o u p s ,  Tonga and t h e  New H e b r i d e s ,  
a r e  e s s e n t i a l l y  m a r g i n a l  t o  t h e  P a c i f i c  B a s i n ,  and F i j i  and 
New C a l e d o n i a  a p p e a r  t o  have c o n t i n e n t a l  c h a r a c t e r i s t i c s .
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The o b j e c t i v e  b e h i n d  t h i s  s tu d y  i s  t o  t e s t  c e r t a i n
1 »2
h y p o t h e s e s  ab o u t  t h e  b e h a v i o u r  o f  t h e  E a r t h ' s  m a g n e t i c  f i e l d  and 
t e c t o n i c  movements i n  t h e  . a c i f i c  d u r i n g  t h e  C a i n o z o i c -  The 
main h y p o th e s e s  a r e  o u t l i n e d  be low and a r e  d i s c u s s e d  i n  more 
d e t a i l  i n  C h a p t e r s  14-18  *
1) The h y p o t h e s i s  of  a g e o m a g n e t i c  a x i a l  g e o c e n t r i c  d i p o l e » 
i O r r e s o n  and Murphy (1949)  w o rk in g  on t h e  p ä l a e o m a g n e t i c  d i r ­
e c t i o n s  of  T e r t i a r y  s e d im e n t s  f rom  a wide a r e a  of t h e  U n i t e d  
o t a t e s  found  t h a t  t h e  h o r i z o n t a l  component  ( d e c l i n a t i o n )  of  
t h e  samples  a g r e e d  b e t t e r  w i th  g e o g r a p h i c  N or th  t h a n  w i th  
m agne t ic  N o r th .  H ospe r s  (1953 -54 )  w o rk in g  on C a i n o z o ic  r o c k s  
i n  I c e l a n d  found  t h a t  t h e s e  p a l a e o m a g n e t i c  d i r e c t i o n s  a l s o  
g r e e  t t  i t h  th e  f i e l d  ) f  a e c c e n t r i c  a x i a l l y  m a g n e t i z e d  
Earth (lig.l-iii) tnan with the present m a g n e t i c  f i e l d ,  and •
PRESENT INCLINED 
^  DIPOLE
AXIAL GEOCENTRIC 
DIPOLE INCLINED GEOCENTRIC 
01 POLE
NORTH MAGNETIC POLES IF ‘ NORMAL' 
SOUTH MAGNETIC POLES IF ‘REVERSED*
F ig u re  1 - i i i
DIPOLES AND REVER SALS
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he demonstrated (1955) that this was also true for all other 
Cainozoic measurements then available« On this basis he 
suggested that there was no significant (95%) displacement of 
the average palaeomagnetic pole from the rotational pole since 
the Eocene* Subsequent work in Europe, North and South America* 
Australia, Africa and Asia have supported this hypothesis. These 
observations confirm the magnetic observatory evidence that 
averaged over a period of some 1-2,000 years, the geomagnetic 
field is that of Gilbert's original (l600) axial geocentric 
dipole model*
The association between the geomagnetic pole and the 
rotational pole is of fundamental importance in theories of 
the cause of the Earth's field, and in geophysical interpretation 
of palaeomagnetic data in terms of either polar wandering or 
continental drift. One of the main objects of this work was 
to test this model of the Earth's field in the Pacific region, 
which is one third of the Earth's surface, during the Cainozoic*
2) The hypothesis of a persistently low magnitude of secular 
variation in the Pacific region. A study of magnetic observatory 
records in various parts of the world for the last 400 years has 
shown that the Earth's magnetic field undergoes variations in 
intensity and direction in a systematic manner (Gaibar-Puertas 
1953). These variations are divisible into those of short 
period, less than 10-11 years, and those of longer period*
9
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The shorter period components are known as transient variations, 
and those of longer period are termed secular variations.
Spherical harmonic analysis shows that the transient variations 
are predominantly of external origin and secular variations are 
of internal origin. The secular variation is possibly associated 
with the Earth's rotation as the movements of the axis and the 
secular component are of similar time characteristics (Cagniard 
I960).
Fisk (l93l) examined the evidence for secular variation 
in the Pacific and found that its magnitude was lower than that 
observed elsewhere and that this was not due to a lack of 
observations. No measurements of the geomagnetic field were 
made in the Pacific before the 18th century and it is not known 
if this low magnitude is a temporary or a permanent effect.
It is important to determine the magnitude of the secular 
variation in this region during the last few million years as 
a persistently low magnitude of secular variation would imply 
that the interior of the Earth beneath the Pacific differs from 
that elsewhere.
One method of estimating secular variation during geo­
logical time is to examine the scatter of NRM directions both 
within and between sites (Section 1*9) as one of the main factors 
causing scatter (Section 15*3) of mean site directions is secular 
variation of the Earth's field during the time that different
10
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sites acquired their remanence*
3) The hypothesis of world-wide reversals of the Earth's 
magnetic field during the Cainozoic. The presence in rock of 
NRM directions of opposite sign to the present Earth's field 
has been known for some time (Mercanton 1910)• The occurrence 
of such rocks appears to be about as frequent as that of rocks 
of similar direction to the present Earth's field, and the 
phenomenon appears to be planetary rather than regional*
The convention is to regard a NRM direction as 'normal' 
when the palaeomagnetic pole (Section 1*9) to which the north- 
seeking pole points is in the present day northern hemisphere, 
and as 'reversed' when the palaeomagnetic pole lies in the 
present southern hemisphere, (Pig.l-iii)• It is convenient, 
lor the purposes of this thesis, to recognize 'normal' polarity 
as a rock whose NRM declination is northerly, and 'reversed' 
if southerly* This definition is equivalent to the more 
formal definition as the inclination of NRM in the young rocks 
discussed here is low*
There are several mechanisms by which a rock could 
acquire a 'reverse'(r ) polarity (Section 16*2)* One of the 
most important is a reversal of the Earth's magnetic field* 
Palaeomagnetic observations on the continents and Iceland have 
suggested that in the Cainozoic periodic reversals of the Earth's 
field do take place, but this has not been established for the
11
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P a c i f i c  r e g i o n  where c e r t a i n  r o c k s  s h o u ld  show a ' r e v e r s e d '  
p o l a r i t y  i f  t h e  phenomenon i s  o f  a p l a n e t a r y  s c a l e *  The c o n f ­
i r m a t i o n  o f  su ch  r e v e r s a l s  would  a l l o w  p o l a r i t y  zones  t o  be used  
a s  m a rk e r  h o r i z o n s  i n  a r e a s ,  s uch  a s  t h e  P a c i f i c ,  where s t a n d a r d  
s t r a t i g r a p h i c a l  m arke r  h o r i z o n s  a r e  a b s e n t  o r  im p r e c i s e *
4) T e c t o n i c  h y p o t h e s e s * I f  t h e  a x i a l  g e o c e n t r i c  d i p o l e  model
of  t h e  E a r t h ' s  m a g n e t i c  f i e l d  i s  a c c u r a t e  o v e r  p e r i o d s  g r e a t e r
2 >
t h a n  10 y e a r s ,  t h e n  t h e  s y s t e m a t i c  d e v i a t i o n s  of  t h e  a v e r a g e  NRM
d i r e c t i o n s  f rom t h i s  f i e l d  would  s u g g e s t  t h a t  t h e r e  has  b e e n  some
r o t a t i o n  of  t h e  s a m p l in g  a r e a ;  t h e  e f f e c t  o f  p o l a r  w a n d e r in g  i s
to o  s m a l l  to  make a s i g n i f i c a n t  d i f f e r e n c e  t o  mean d i r e c t i o n s
o v e r  t h e  l a s t  5-10 m*y* I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t o  u s e  p a l a e o -
m a g n e t i c  methods  t o  pu t  l i m i t s  on t h e  amount t h a t  t h e  i s l a n d s  have
r o t a t e d  s i n c e  t h e i r  f o r m a t i o n *  However,  t r a n s l a t i o n ,  w i t h o u t
r o t a t i o n ,  of  a n  i s l a n d  a l o n g  a l i n e  of  l a t i t u d e ,  o r  a l o n g  a m e r i -  
od i a n  by some 5 , would no t  a f f e c t  t h e  p a l a e o m a g n e t i c  r e s u l t s  a t  
a l l *  T h i s  f o l l o w s  f rom  t h e  r e l a t i o n s h i p  be tw een  t h e  l a t i t u d e  ( l a t )  
and t h e  i n c l i n a t i o n  ( i )  o f  a  u n i f o r m l y  m a g n e t i z e d  s p h e r e ,  g i v e n  
by ( t a n  l a t  = jj; t a n  i )  * F o r  exam ple ,  a  change  f rom 20°S t o  25°S,  
w i t h o u t  r o t a t i o n ,  would  g i v e  r i s e  t o  a  change  i n  i n c l i n a t i o n  of  
some 2 o 8 ° ,  w hich  i s  w i t h i n  t h e  s t a t i s t i c a l  e r r o r s  o f  t h e  p a l a e o -  
m a g n e t i c  methods*
A f u r t h e r  a s p e c t ,  w i t h  t e c t o n i c  i m p l i c a t i o n s ,  i s  t o  u s e  
t h e  p a l a e o m a g n e t i c  d a t a  f o r  s t r a t i g r a p h i c a l  c o r r e l a t i o n »  T h i s  i s  
p a r t i c u l a r l y  i m p o r t a n t  a s  t h e  g e o l o g i c a l  e v i d e n c e  s u g g e s t s  t h a t
12
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i s l a n d  a r c s ,  w i t h i n  t h e  P a c i f i c  B a s i n ,  t e n d  t o  i n c r e a s e  i n  age 
a l o n g  t h e i r  l e n g t h  (Chubb 1 9 3 4 ) .
1«3 The M a g n e t i z a t i o n  of  Rocks
There  a r e  t h r e e  b a s i c  t y p e s  o f  m a g n e t i z a t i o n  -  
d i a m a g n e t i c ,  p a r a m a g n e t i c  and f e r r o m a g n e t i c .  The f i r s t  two a r e  
b a s e d  on t h e  c h a rg e  a s s o c i a t e d  w i t h  atoms and a r e  d e p en d e n t  on 
t h e  c o m p l e t e n e s s  o f  t h e  e l e c t r o n i c  s h e l l s .  S u b s t a n c e s  composed 
o f  a tom s  w i t h  c o m p le te  e l e c t r o n i c  s h e l l s  a c q u i r e  a m a g n e t i z a t i o n  
opposed  t o  an  a p p l i e d  f i e l d ,  w h i l e  a toms w i t h  i n c o m p l e t e  s h e l l s  
a c q u i r e  a  m a g n e t i z a t i o n  p a r a l l e l  t o  t h e  a p p l i e d  f i e l d .  These 
two t y p e s  of  b e h a v i o u r  a r e  t e rm e d  d i a m a g n e t i c  and p a r a m a g n e t i c  
r e s p e c t i v e l y ,  and a r e  d i s t i n g u i s h e d  f rom f e r r o m a g n e t i c  b e h a v i o u r  
which may be su p e r im p o se d  on e i t h e r  of  t h e s e  two,  by t h e i r  low 
i n t e n s i t i e s  and t h e i r  l o s s  of  m a g n e t i z a t i o n  on rem ova l  of t h e  
e x t e r n a l  f i e l d *  The p r o p e r t y  o f  f e r r o m a g n e t i c  s u b s t a n c e s  t o  
' r em em ber '  an a p p l i e d  f i e l d  a f t e r  i t s  r em ova l  i s  o f  f u n d a m e n ta l  
i m p o r t a n c e  i n  p a l a e o m a g n e t i c  r e s e a r c h .
As a f e r r o m a g n e t i c  s u b s t a n c e  c o o l s  t o  room t e m p e r a t u r e ,  
d i s c r e t e  volume e l e m e n t s  of i t  a c q u i r e  a s p o n t a n e o u s  m a g n e t i z a t i o n  
w hich  i s  t h o u g h t  t o  a r i s e  f rom t h e  a lm o s t  p a r a l l e l  a l i g n m e n t  of 
t h e  s p i n  m a g n e t ic  moments o f  c e r t a i n  e l e c t r o n s  due t o  t h e  p r e s e n c e  
o f  / e r y  s t r o n g  i n t e r n a l  f i e l d s .  The number of  e l e c t r o n s  which 
a r e  p a r a l l e l  a t  any one t i m e  i s  a f u n c t i o n  of t e m p e r a t u r e ,  t h e  
number d e c r e a s i n g  as t h e  t e m p e r a t u r e  r i s e s ,  u n t i l  a t a  c e r t a i n
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temperature, the Curie point, the spontaneous magnetization becomes 
zero. The balance of the aligning forces and the internal dis­
ruptive forces cause a ferromagnetic substance to form a number 
of discrete volume elements within which the spontaneous mag- 
metization is parallel. These volume elements are termed 
domains. Each domain is separated from its neighbour by a 
wall. The number of domains within a single ferromagnetic 
substance is determined mainly by the interaction between the 
magnetostatic forces associated with the poles of each domain 
and the magnetoelastic forces required to maintain the domain 
walls.
In small applied fields, each domain is spontaneously 
magnetized along a small number of preferred directions which 
are related to the crystallographic axes. These directions of 
'easy' magnetization are usually normal, parallel or anti­
parallel to those of neighbouring domains. Changes in the bulk 
magnetization substance takes place by means of domain wall 
movement in weak external fields (i.e. domains which are parallel 
to the applied field grow at the expense of antiparallel domains). 
In higher external fields, antiparallel domains start to 'jump* 
into parallel alignment (Barkhausen .jumps) and only at much 
higher fields does any rotation of the domain take place. This 
means that changes in the bulk magnetization usually take place 
by the change in alignment of the direction of magnetization of
14
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dom ains ,  n o t  by c h a n g in g  t h e  i n t e n s i t y  of  s p o n t a n e o u s  m a g n e t i z -
ka t i o n  -  o n ly  when e n e r g i e s  e q u i v a l e n t  t o  some 10 o e r s t e d s  a r e  
u s e d  can  t h e  i n t e n s i t y  o f  s p o n t a n e o u s  m a g n e t i z a t i o n  be changed  
i n  i r o n  a t  room t e m p e r a t u r e »  When c o n s i d e r e d  on a s h o r t  t i m e  
s c a l e ,  i »e »  a few h o u r s ,  domain  r o t a t i o n  i s  a r e v e r s i b l e  p r o c e s s  
and ch an g e s  due t o  w a l l  movement and B a rk h a u s e n  jumps a r e  
i r r e v e r s i b l e ,  so t h a t  i t  i s  t h e s e  l a s t  two p r o c e s s e s  w h ich  g i v e  
r i s e  t o  rem a n en t  m a g n e t i z a t i o n  w h ich  p e r s i s t s  a f t e r  t h e  remova l  
o f  t h e  e x t e r n a l  f i e l d .
I n  r o c k s ,  t h e  f e r r o m a g n e t i c  p r o p e r t i e s  a r e  a s s o c i a t e d  
w i t h  t h e  opaque  m i n e r a l s  and i n  p a r t i c u l a r  w i t h  v a r i o u s  i r o n  
m i n e r a l s  and t h e  r a n g e s  o f  s o l i d  s o l u t i o n  be tween  them.  In  
most  r o c k s ,  t h e s e  m i n e r a l s  o n ly  fo rm  a  few p e r c e n t  of  t h e  t o t a l  
r o c k  which  c o n s i s t s  o f  p a r a m a g n e t i c  and d i a m a g n e t i c  s u b s t a n c e s  
t h e  i n t e n s i t y  of  m a g n e t i z a t i o n  o f  w h ich  d oes  no t  c o n t r i b u t e  t o  
r e m a n en ce .  I t  i s  p r o p o s e d  t o  u s e  t h e  t e rm  ' m a g n e t i c 1 t o
s i g n i f y  f e r r o m a g n e t i c  p r o p e r t i e s .
The m a g n e t i z a t i o n  o b s e r v e d  i n  r o c k s  can  be d i v i d e d  
i n t o  two components  w h ich  a r e  t e rm e d  in d u c e d  and n a t u r a l  rem anen t  
m a g n e t i z a t i o n  (NRM). In d u ced  m a g n e t i z a t i o n  i s  r e v e r s i b l e  w i th  
a p p l i e d  f i e l d  and i t s  i n t e n s i t y  i s  p r o p o r t i o n a l  t o  weak a p p l i e d  
f i e l d s  -  t h e  c o n s t a n t  r e l a t i n g  t h e  f i e l d  and i n t e n s i t y  b e i n g  
t e rm e d  t h e  s u s c e p t i b i l i t y  (x) • P a l a e o m a g n e t i c  r e s e a r c h  i s  
c o n c e rn e d  w i t h  t h e  NRM component a s  t h i s  i s  a s s o c i a t e d  w i t h  p a s t
15
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m a g n e t i c  f i e l d s .  T h e r e  a r e  f i v e  main ways by which  t h e  NRM 
component  may be a c q u i r e d
1) A f e r r o m a g n e t i c  m i n e r a l  w h ich  c o o l s  o v e r  a  t e m p e r a t u r e  
r a n g e  below i t s  C u r i e  p o i n t  w i l l  a c q u i r e  a  m a g n e t i z a t i o n  te rm ed  
th e rm o re m a n e n t  m a g n e t i z a t i o n  (TRM)■ As t h e  C u r i e  p o i n t  i n  most 
i g n e o u s  r o c k s  i s  be low  650°C», and t h e  t e m p e r a t u r e  o f  l i q u i d  
magma i s  i n  e x c e s s  o f  1 ,000  C*, most i g n e o u s  r o c k s  w h ich  have 
c o o l e d  t o  room t e m p e r a t u r e  w i l l  a c q u i r e  t h i s  form of NRM when 
t h e y  a r e  i n  t h e  s o l i d  s t a t e ,  so t h a t  t h e i r  f e r r o m a g n e t i c  
c o n s t i t u e n t s  w i l l  a l r e a d y  have a c q u i r e d  t h e i r  c r y s t a l l o g r a p h i c  
o r i e n t a t i o n ,  s h a p e ,  e t c »  One of  t h e  f e a t u r e s  of  t h i s  p r o c e s s  
i s  t h a t  t h e  remanence  o b s e r v e d  a t  any g i v e n  t e m p e r a t u r e  below 
t h e  C u r i e  p o i n t  i s  e q u a l  t o  t h e  sum o f  a l l  t h e  remanence  a c q u i r e d  
o v e r  i n t e r m e d i a t e  t e m p e r a t u r e  r a n g e s  be tw e e n  i t  and t h e  C u r ie  
p o i n t .
2) M agne t ic  p a r t i c l e s  which  a r e  d e p o s i t e d  and c o n s o l i d a t e d  
i n  t h e  p r e s e n c e  o f  a  m a g n e t i c  f i e l d  w i l l  o f t e n  show a p r e f e r r e d  
m a g n e t i c  o r i e n t a t i o n »  T h i s  fo rm  of  remanence  i s  t e rm ed  
d e p o s i t i o n s ! ,  r em anen t  m a g n e t i z a t i o n  (PRM) and i t s  o c c u r r e n c e  
w i l l  o b v i o u s l y  be r e s t r i c t e d  t o  s e d i m e n t a r y  r o c k s  and w i l l  be
a  f u n c t i o n  o f  t h e  c o n d i t i o n s  o f  d e p o s i t i o n  and com pac tion»  The 
m a g n e t i c  p r o p e r t i e s  w i l l  o b v i o u s l y  depend on t h e  method by which 
t h e  m a g n e t ic  p a r t i c l e s  a c q u i r e d  t h e i r  o r i g i n a l  m a g n e t i z a t i o n »
16
1 -3
3) F e r r o m a g n e t i c  m i n e r a l s  which u ndergo  c h e m ic a l  ch a n g e s  a t  
t e m p e r a t u r e s  below t h e  C u r i e  p o i n t  i n  a  m a g n e t i c  f i e l d  may a c q u i r e  
a  rem anence  w hich  i s  t e rm e d  c h e m i c a l  rem anen t  m a g n e t i z a t i o n  (CRM). 
T h i s  p r o c e s s  i n v o l v e s  many p o s s i b l e  c h a n g e s ,  such  a s  c r y s t a l  
g row th ,  o x i d a t i o n ,  r e d u c t i o n ,  i o n  exch a n g e ,  s o l i d  s t a t e  e x s o l u t i o n ,  
e t c . ,  and may, t h e r e f o r e ,  be a s s o c i a t e d  w i t h  d i a g e n e s i s ,  
w e a t h e r i n g  o r  me tamorphism.  Some of  t h e  CRM p r o p e r t i e s  a r e  v e r y  
s i m i l a r  t o  t h o s e  o f  TRM*
4) Most r o c k s ,  when p l a c e d  i n  s t r o n g  m a g n e t i c  f i e l d s  a t  room 
t e m p e r a t u r e  w i l l  a c q u i r e  a  r em anen t  m a g n e t i z a t i o n  which i s  
t e rm e d  i s o t h e r m a l  rem anen t  m a g n e t i z a t i o n  (iRM) and may o c c u r  
i n  many r o c k s .  The i n t e n s i t y  of remanence  i n c r e a s e s  f rom t h e  
d e m a g n e t i z e d  s t a t e  ( F i g .  1 - v i i ) ,  s l o w ly  a t  f i r s t  a s  weak f i e l d s  
a r e  a p p l i e d ,  and t h e n  f a i r l y  q u i c k l y  a s  t h e  f i e l d  i s  i n c r e a s e d *
The i n t e n s i t y  t h e n  r e a c h e s  a peak  v a l u e ,  t e rm e d  t h e  maximum 
re m a n e n c e , a f t e r  which t h e  i n t e n s i t y  i n c r e a s e s  o n ly  v e r y  s lo w ly  
as  t h e  f i e l d  i s  i n c r e a s e d *  The a p p l i c a t i o n  of  a  f i e l d  i n  t h e  
o p p o s i t e  d i r e c t i o n  c a u s e s  a  r a p i d  d rop  i n  i n t e n s i t y ,  u n t i l  a t  
some r e v e r s e d  f i e l d ,  t e rm e d  t h e  c o e r c i v e  f o r c e  of  maximum reman­
e n c e , t h e  r em anen t  m a g n e t i z a t i o n  i s  z e r o .  The t h e o r y  b e h i n d  
t h i s  b e h a v i o u r  has  been  m e n t io n ed  e a r l i e r  i n  t e rm s  of domain w a l l  
movement,  B a r k h a u s e n  jumps and domain r o x a t i o n *  T h i s  remanence  
i s  a s s o c i a t e d  w i t h  d i f f e r e n t  domains  t h a n  t h a t  of  TRM a s  can be 
d e m o n s t r a t e d  i n  one spec im en  f rom  Aden (F ig*  1 - i v )  which was
17
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g i v e n  a TRM i n  t h e  E a r t h ' s  f i e l d  a t  C a n b e r r a  ( 1 1 »3, —6 5 * 0 , 0 .5 9  
o e r s t e d s )  and i t s  d i r e c t i o n  d e t e r m in e d »  I t  was t h e n  p a r t i a l l y -  
d e m ag n e t i zed  i n  900 o e r s t e d  (p eak )  a l t e r n a t i n g  m a g n e t i c  f i e l d  
and t h e n  g i v e n  an IRM i n  300 o e r s t e d s  ( S e c t i o n s  1 .4  and 1*8)*
I t  i s  e v i d e n t  t h a t  t h e  IRM i s  a s s o c i a t e d  w i t h  domains of  low 
m a g n e t i c  c o e r c i v i t y  a s  t h e  d i r e c t i o n s  r e t u r n s  t o  t h e  TRM 
d i r e c t i o n s  when a l t e r n a t i n g  m a g n e t i c  f i e l d s  i n  e x c e s s  of  t h e  
f i e l d  u sed  t o  g i v e  t h e  IRM a r e  a p p l i e d  t o  t h e  specimen* T h i s  
t y p e  of  remanence  w i l l  o c c u r  i n  a l l  r o c k s ,  b u t  i t s  i n t e n s i t y  
w i l l  u s u a l l y  be s m a l l  u n l e s s  s t r o n g  m a g n e t i c  f i e l d s  a r e  i n v o l v e d ,  
e*g* l i g h t n i n g *
5) Rocks p l a c e d  i n  a m a g n e t i c  f i e l d  f o r  a  l o n g  t i m e ,  a l t h o u g h  
t h e  f i e l d  may be weak,  w i l l  a c q u i r e  a  remanence  t e rm e d  v i s c o u s  
rem anen t  m a g n e t i z a t i o n  (VRM)» The i n t e n s i t y  of  remanence  
p roduced  i n  t h i s  manner i s  much g r e a t e r  t h a n  IRM p ro d u ced  i n  t h e  
same f i e l d  f o r  a  s h o r t  p e r i o d ,  and t h e  VRM i s  much more r e s i s t e n t  
t o  change* T h i s  t y p e  of  rem anence  may o c c u r  i n  a l l  r o ck  ty p e s *  
Neel  (1955)  p ro p o s e d  a t h e o r y  t o  e x p l a i n  many of t h e  
f e r r o m a g n e t i c  c h a r a c t e r i s t i c s  of  ro c k s *  H is  b a s i c  model i s  an 
a ssem bly  o f  s i n g l e  domains w i t h i n  a p a r a m a g n e t i c  m a t r i x ,  and 
a l t h o u g h  t h i s  model  i s  no t  s t r i c t l y  v a l i d  a s  most  r o c k s  a r e  
composed of  m u l t i d o m a in  a g g r e g a t e s  w i t h i n  a m a t r i x ,  i t  h a s  t h e  
m e r i t  of  e x p l a i n i n g  many of t h e  c h a r a c t e r i s t i c s  of  remanence*
The main f e a t u r e  of  h i s  t h e o r y  i n  c o n n e c t i o n  w i t h  p a l a e o m a g n e t i c
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studies is the introduction of time effects- The theory is that 
after a given time the direction of magnetization of the grains 
will become aligned with an applied field- This time is termed 
the relaxation time (T) and is partially dependent on the volume 
of the grain and the temperature (T <v[volume/temperature] ^ )•
It follows that as the temperature approaches the Curie point, 
the relaxation time approaches zero, but increases rapidly as 
the temperature decreases, and also that as the volume increases, 
then ^  also increases rapidly- A further concept was the intro­
duction of blocking temperature (T^) which is the temperature 
just below the Curie point when the relaxation time is small 
compared with the time of the experiment, and the net magnetiz­
ation behaviour is reversible in changing external fields-
At temperatures below T , T  becomes large, and the alignmentB
due to the field applied at T becomes'frozen'in•B
As a rock will normally contain a wide spectrum of 
ferromagnetic particles, differing in size, shape, composition, 
etc-, a rock will normally show a wide range of T and / • The
D
application of Neel's theory to such a rock model allows several 
previously observed phenomena to be explained, for example 
1) A rock which has cooled in a magnetic field from a temp­
erature above its Curie point to room temperature will have a 
remanence which is the sum of the remanence acquired over inter­
mediate temperature ranges- That is, that the domains become
20
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f i x e d  a t  t h e i r  own s p e c i f i c  b l o c k i n g  t e m p e r a t u r e s  and t h e i r  
remanence  w i l l  c o n t r i b u t e  t o  t h e  o v e r a l l  remanence  a t  l o w e r  
t e m p e r a t u r e s .
2) A rock  which i s  c o o l e d  i n  z e r o  m a g n e t ic  f i e l d  f rom a 
t e m p e r a t u r e  above i t s  C u r i e  p o i n t ,  ex c e p t  d u r i n g  a s h o r t  t e m p e r ­
a t u r e  r a n g e ,  w i l l  show a remanence  w hich  can be removed by 
r e h e a t i n g  t h e  ro c k  t o  t h e  maximum t e m p e r a t u r e  a t  which t h e
f i e l d  was a p p l i e d -  T ha t  i s ,  t h a t  t h e  domains  of  h ig h  T became
B
f i x e d  i n  random p o s i t i o n s  b e f o r e  t h e  f i e l d  was a p p l i e d ,  and 
o n ly  domains of T^ e q u i v a l e n t  t o  t h e  t e m p e r a t u r e  range  w ere  
a f f e c t e d  by t h e  f i e l d -  T h e r e f o r e  r e h e a t i n g  t o  t h e  maximum 
t e m p e r a t u r e  w i l l  c a u s e  a l l  domain v e c t o r s  to  become randomly  
o r i e n t e d •
3) A r o c k  which has  a c q u i r e d  a TRM and i s  l e f t  f o r  a l o n g
t i m e  i n  t h e  E a r t h ' s  m a g n e t i c  f i e l d  w i l l  l o o s e  some, o r  a l l ,  o f
t h e  o r i g i n a l  TRM and w i l l  a c q u i r e  a VRM r e l a t e d  t o  t h e  E a r t h ' s
2
f i e l d  o v e r  t h e  l a s t  few 10 y e a r s -  T ha t  i s ? t h a t  as  g e o l o g i c a l  
t i m e  a p p r o a c h e s  ) f o r  t h e  m a j o r i t y  of  t h e  domains i n  t h e  r o c k ,  
more domains  w i l l  be r e l e a s e d  and t h e s e  may a c q u i r e  a VRM- 
VRM w i l l  t h e r e f o r e  be a s s o c i a t e d  w i t h  domains  o f  l o w e r  ^  t h a n  
t h e  r e m a i n i n g  TRM dom ains ,  and i t  i s  e v i d e n t  t h a t  VRM w i l l  be 
l e s s  s t a b l e  t h a n  t h e  r e m a i n i n g  TRM and w i l l  r e f l e c t  t h e  E a r t h ' s
g
f i e l d  o v e r  t h e  l a s t  few 10 y e a r s -
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4) CRM i s  a s s o c i a t e d  w i th  an i n c r e a s e  i n  volume of c r y s t a l s  
a s  t h e y  grow i n  a m a g n e t i c  f i e l d *  As t h e  volume i n c r e a s e s ,  I 
i n c r e a s e s  and a s t a b l e  m a g n e t i z a t i o n  i s  a c q u i r e d *
I t  i s  u s e f u l  t o  d i s t i n g u i s h  two t y p e s  of remanent  
m a g n e t i z a t i o n  -  a p r im a r y  m a g n e t i z a t i o n  which i s  a c q u i r e d  when 
t h e  r o c k  i s  fo rm ed ,  and a  s e c o n d a r y  m a g n e t i z a t i o n  w hich  i s  
a c q u i r e d  s u b s e q u e n t l y .  TRM and DRM w i l l  u s u a l l y  be p r i m a r y ,  
a l t h o u g h  TRM may have o r i g i n a t e d  t h r o u g h  b a k i n g  by l a t e r  i n t r u s ­
io n s *  IRM and VRM a r e  a lw a y s  s e c o n d a r y ,  b u t  CRM may o c c u r  
d u r i n g  ro c k  f o r m a t i o n  o r  s u b s e q u e n t  t o  i t *  P a l a e o m a g n e t i c  
s t u d i e s  a r e  p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  p r im a ry  m a g n e t i z a t i o n  
a s  i t  i s  t h i s  component which  r e f l e c t s  t h e  E a r t h ' s  m a g n e t i c  
f i e l d  a t  some s p e c i f i c  t ime* The remanence  o b s e rv e d  i n  a r o c k ,  
n a t u r a l  remanent  m a g n e t i z a t i o n  (NRM) w i l l  n o r m a l ly  c o n s i s t  of  
b o t h  p r i m a r y  and s e c o n d a r y  com ponen ts ,  and v a r i o u s  t e c h n i q u e s  
have  b e e n  d e v e lo p e d  w i t h  t h e  o b j e c t  o f  d i s s e c t i n g  out  t h e s e  
two com ponen ts .  The most  s u c c e s s f u l  t e c h n i q u e s  a p p e a r  t o  be 
p a r t i a l  d e m a g n e t i z a t i o n *
1*4 P a r t i a l  D e m a g n e t i z a t i o n  of  NRM
There  a r e  two methods  o f  p a r t i a l  d e m a g n e t i z i n g  r o c k  
spe c im e n s  which  a r e  n o r m a l l y  used  i n  p a l a e o m a g n e t i c  r e s e a r c h  -  
t h e r m a l  and magne t ic*  Both  methods r e d u c e  t h e  t o t a l  NRM of 
t h e  s p e c im e n s ,  bu t  t h e  IRM-VRM components  a r e ,  i n  t h e o r y ,  
p r e f e r e n t i a l l y  r e d u c e d  a s  t h e y  a r e  fo rm ed  of  domains o f  lo w e r
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T than either TRM or CRM primary components* These domains, 
which contribute to secondary magnetization, are therefore more 
readily changed into random orientations leaving a remanence 
the direction of which is that of the primary component. There 
is some experimental evidence (Robertson 1962) which supports 
the theoretical concept that both thermal and magnetic partial 
demagnetization techniques remove the same secondary components.
In order to use thermal demagnetization techniques 
on a large scale a non-magnetic furnace has been designed and 
erected in the Geophysics Department (Irving et al 1961a) and 
this apparatus is described in Chapter 2. In the work described 
in this thesis, a*c. demagnetization techniques have been used; 
the apparatus and method being outlined by Irving et al (l961b). 
This technique consists of selecting a number of pilot specimens 
and subjecting them to successively increased alternating 
magnetic fields, the remaining NRM being measured at each step* 
The maximum field used is 900 oersteds (peak) on Aden pilot 
specimens, and 750 oersteds (peak) on all other pilot specimens.
When the unstable component of NRM has been removed, 
the observed direction is, in theory, that of the primary magnet­
ization and will remain constant until the coercivity of this 
component is exceeded* It is obvious that if the coercivity of 
the primary component is low, then it may be exceeded before the 
unstable component has been satisfactorily removed* If this
23
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o c c u r s , t h e n  t h e  d i r e c t i o n s  a t  h i g h e r  a l t e r n a t i n g  f i e l d s  w i l l  
v a r y  i n  a random manner-
I f  a l a r g e  number of  sp ec im en s  i s  i n v o l v e d ,  i t  i s  
i m p r a c t i c a b l e  t o  t r e a t  a l l  s p e c im e n s  i n  t h e  manner of  t h e  p i l o t  
s p e c i m e n s .  I t  i s  more r a p i d  t o  d e t e r m i n e  some a - c -  f i e l d  common 
t o  a l l  p i l o t  spec im ens  a t  which t h e  r e m a i n i n g  NRM d i r e c t i o n  
a p p e a r s  t o  be t h a t  of  t h e  p r i m a r y  component ,  and t h e n  to  
t r e a t  a l l  r e m a i n i n g  s p e c im e n s  i n  t h i s  f i e l d -
i h e  b e h a v i o u r  o f  t h e  p i l o t  s pec im ens  i n  a - c -  f i e l d s  
can  be u s e d  as  an i n d i c a t i o n  of  s t a b i l i t y , i - e -  t h e  r e s i s t a n c e  
t o  c h a n g e ,  of  t h e  c o l l e c t i o n  a s  a whole -  I f  t h e  NRM b e g i n s  to  
s c a t t e r  i n  d i r e c t i o n  a t  low f i e l d s ,  t n e n  t h e  p r i m a r y  component  
p r o b a b l y  has  a low c o e r c i v i t y  and i s  t h e r e f o r e  l i k e l y  t o  be 
u n s t a b l e -  S e v e r a l  o t h e r  t e s t s  have been  d e v i s e d  t o  t e s t  t h e  
s t a b i l i t y  o f  NRM and t h e s e  a r e  d i s c u s s e d  below-  
1 ° 5 M ag n e t i c  S t a b i l i t y
The te rm  s t a b i l i t y ,  which i s  t h e  r e s i s t a n c e  t o  change ,  
i s  u sed  t h r o u g h o u t  t h i s  t h e s i s  t o  mean m a g n e t i c  s t a b i l i t y ,  u n l e s s  
o t h e r w i s e  s t a t e d -  S e v e r a l  s t a b i l i t y  t e s t s  have b e e n  d e v i s e d  
w hich  aim a t  d i s t i n g u i s h i n g  i f  t h e  o b s e r v e d  NRM d i r e c t i o n ,  b e f o r e  
o r  a f t e r  any form of  t r e a t m e n t ,  i s  t h e  same as  when t h e  o r i g i n a l  
p r i m a r y  m a g n e t i z a t i o n  was a c q u i r e d -  As t h e  t im e  b e tw e e n  t h e  
a c q u i s i t i o n  o f  p r im a r y  m a g n e t i z a t i o n  and i t s  measurement i n  t h e  
l a b o r a t o r y  i s  l o n g ,  w h i l e  l a b o r a t o r y  t e s t s  a r e  c o n d u c t e d  o v e r
24
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very short time intervals, it is only tests based on geological 
criteria that can be regarded as giving good evidence of stability; 
other tests can only be regarded as indicators. Most tests are 
listed below, but it is shown that several of these are not 
applicable to the rocks investigated in this thesis.
1) The scatter of NRM vectors at different sites on opposite 
sides of a fold should decrease after correction for the 
folding if the NRM was acquired prior to the folding* The 
scatter will be less before correction if the NRM is 
secondary to the folding (Graham 1949)*
2) The NRM directions of pebbles within a conglomerate 
should be random if the NRM of the source rock is stable 
(Graham 1949)»
3) The stability of different rock types usually differs so 
that if two rock types are present of the same age, the 
directions should be the same if the NRM is stable, e.g. 
a sedimentary rock which is in contact with a later 
intrusion will usually have acquired a TRM-CRM associated 
with the intrusion - similar directions now would indicate 
the magnetization of both the intrusive and the contact 
are stable* It is possible that both rocks are unstable 
and the NRM directions would then be the same but both 
closely related to the present Earth's field direction 
(See Deviation (5))*
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I n  t h e  r e g i o n s  s t u d i e d  i n  t h i s  t h e s i s ,  t h e  f i r s t  t e s t  
i s  o n ly  a p p l i c a b l e  i n  F i j i  and New C a l e d o n i a  where bedded 
s e d i m e n t s  have been  f o l d e d »  E l s e w h e re  t h e  r o c k s  a r e  i g n e o u s  
and t h e  d i p  o f  t h e  l a v a s  i s  assumed  t o  be t h e  o r i g i n a l  d ip»
No c o n g l o m e r a t e s  o r  baked c o n t a c t s  were sampled  as  b o th  rock  
t y p e s  a r e  r a r e  and where a c o n g l o m e r a t e  o c c u r s ,  i t  i s  i m p o s s i b l e  
t o  i d e n t i f y  a c c u r a t e l y  t h e  s o u r c e  rock»
4) The NRM d i r e c t i o n s  i n  s p e c im e n s  of  t h e  same age and same 
l o c a l i t y  s h o u ld  be c o n s i s t e n t  w i t h  eacn  o t h e r  i f  t h e  
m a g n e t i z a t i o n  i s  s t a b l e *
5) Most of  t h e  VRM component  i s  a s s o c i a t e d  w i t h  domains of  
s h o r t  r e l a x a t i o n  t im e  (Y) ( S e c t i o n  1 . 2 )  and t h e r e f o r e  t h e  
component  of  NRM due t o  t h i s  w i l l  have a d i r e c t i o n  a s s o c -  
i a t e d  w i t h  t h e  E a r t h ' s  f i e l d  o v e r  t h e  l a s t  few 10 y e a r s »
NRM d i r e c t i o n s  p a r a l l e l  t o  t h e  E a r t h ' s  f i e l d  a r e  t h e r e f o r e  
l i k e l y  t o  have a  l a r g e  VRM component ,  and NRM d i r e c t i o n s  
d e v i a t i n g  f rom t h e  p r e s e n t  f i e l d ,  i n  p a r t i c u l a r  r e v e r s a l s ,  
i n d i c a t e  s t a b i l i t y .
6) The b e h a v i o u r  of  spec im ens  i n  a l t e r n a t i n g  m a g n e t i c  f i e l d s  
can  be u sed  t o  i n d i c a t e  when t h e  r e m a i n i n g  NRM i s  p r o b a b l y  
t h a t  o f  t h e  p r im ary  component  ( S e c t i o n  1 . 3 ) and s i m i l a r l y  
u s i n g  t h e r m a l  d e m a g n e t i z a t i o n  methods»
7) T h e r e  a p p e a r s  t o  be a  r e l a t i o n s h i p  be tw ee n  s t a b i l i t y  and 
c o e r c i v i t y  of  maximum IRM • Samples  of  h ig h  c o e r c i v i t y  (H );
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i . e *  g r e a t e r  t h a n  300 o e r s t e d s  a r e  u s u a l l y  s t a b l e ,  a l t h o u g h  
low H does  n o t  n e c e s s a r i l y  i n d i c a t e  low s t a b i l i t y .  F o r  
exam ple ,  t h e  F e r r a r  D o l e r i t e s ,  A n t a r c t i c a ,  a r e  known t o  
be s t a b l e  on s e v e r a l  o t h e r  t e s t s  and have an a v e r a g e  Hc r
be tw e e n  500 and 700 o e r s t e d s  ( B u l l  e t  a l  196 1 ) ,  w h i l e  t h e
T e r t i a r y  B a s a l t s  of  New S o u th  W ales ,  A u s t r a l i a ,  have an
a v e r a g e  H of  243 o e r s t e d s ,  and on o t h e r  e v i d e n c e  a r e  c r
t h o u g h t  t o  be u n s t a b l e  ( I r v i n g  e t  a l  1 9 6 1 b ) .
8) I d e n t i f i c a t i o n  of  w e a t h e r i n g  o r  me tamorphism w i l l  n o r m a l l y  
mean t h a t  t h e  p r im a r y  component  has  been  a f f e c t e d  by s e c o n d ­
a r y  com ponen ts ,  and i t  i s  p o s s i b l e  t h a t  t h e s e  may c o m p l e t e l y  
mask t h e  p r i m a r y  com ponent .
9) I n s t a b i l i t y  a p p e a r s  to  be a s s o c i a t e d  w i t h  p a r t i c u l a r  
f e r r o m a g n e t i c  m i n e r a l s  and t h e  i d e n t i f i c a t i o n  of  such  
m i n e r a l s  w i l l  n o r m a l ly  i n d i c a t e  i n s t a b i l i t y .
10) The r a t i o  of NRM/TRM i n  i g n e o u s  r o c k s  w i l l  i n d i c a t e  t h e  
d e g r e e  t o  which NRM s t i l l  has  a l a r g e  p r i m a r y  com ponen t .
A r a t i o  d i f f e r i n g  m a rk e d ly  f rom u n i t y  w i l l  i n d i c a t e  e i t h e r  
t h a t  t h e  o r i g i n a l  TRM has  deca y ed  o r  a l a r g e  s e c o n d a r y  
component  has  b e e n  added»
11) R e p e a t e d  measurement of  NRM a f t e r  s t o r a g e  f o r  p e r i o d s  of  
months  o r  y e a r s  w i l l  show ch a n g e s  o f  NRM i f  i t  i s  v e r y  
u n s t a b l e ,  b u t  t h i s  t e s t  w i l l  no t  i n d i c a t e  s t a b i l i t y  o v e r  
p e r i o d s  of  103 y e a r s  o r  more*
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In this work, specimen directions are used as indic­
ators of 'normal' or 'reversed' polarity. However, the mean 
site directions, calculated from sample directions (Section 1*9) 
after treatment in some stated alternating magnetic field, are 
only taken to be stable when they are significant with a 95% 
probability (Section 1 .9) • Significant site directions which 
deviate by a large amount (greater than 20-30°) from other stable 
site directions from the same region are usually considered 
unreliable, but as this is a subjective decision, each case is 
discussed in the text and the relevant data is included in 
tables and appendices* In discussing the overall stability 
characteristics of a rock unit, the main evidence which is 
considered is that of partial demagnetization of pilot specimens 
in a* c« fields, the H of a few selected specimens and the 
overall scatter of specimen directions. These tests, however, 
are not used to eliminate data from the analytical proceedure*
In general, weathered rocks were not sampled, but little or no 
petrological examination has yet been made of the sample 
collection•
1> 6 Anisotropy
Directions of 'easy' magnetization in domains are 
related to the crystallographic axes, so a rock composed of 
oriented crystals will tend to have a net ’easy* direction of 
magnetization which usually lies in a plane known as the 
plane of maximum susceptibility. Similarly a rock containing
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f e r r o m a g n e t i c  g r a i n s  of  u n e q u a l  d im e n s io n s  which  have  some p r e ­
f e r r e d  shape  a l i g n m e n t  w i l l  have  a ne t  d i r e c t i o n  of  ’ e a s y '  
m a g n e t i z a t i o n  as  a m a g n e t i c  o r i e n t a t i o n  p a r a l l e l  t o  t h e  l o n g  
a x i s  of  a  g r a i n  i s  a  p o s i t i o n  of  minimum energy»  I t  f o l l o w s  
t h a t  a  r o ck  c o n t a i n i n g  t h i s  p l a n e  w i l l  n o r m a l ly  a c q u i r e  a 
r e m a n en t  m a g n e t i z a t i o n ,  t h e  d i r e c t i o n  of  which t e n d s  t o  l i e  
i n  t h i s  p l a n e ,  and t h e  o b s e rv e d  d i r e c t i o n  o f  NRM w i l l  be a 
r e s u l t  of  t h e  b a l a n c e  be tween  t h e  e f f e c t s  of t h i s  p l a n e  and 
t h e  d i r e c t i o n  of t h e  e x t e r n a l  f i e l d »  Rocks e x h i b i t i n g  such  
p r o p e r t i e s  a r e  t e rm ed  a n i s o t r o p i c «
O r i e n t a t i o n  of  f e r r o m a g n e t i c  c r y s t a l s  can  a r i s e  t h r o u g h  
s e v e r a l  f a c t o r s »  D u r in g  d e p o s i t i o n  of  m a g n e t i z e d  p a r t i c l e s  
t h e r e  may be o r i e n t a t i o n  a c c o r d i n g  t o  t h e  shape  o f  t h e  p a r t i c l e s ,  
and s l i g h t  c o m p re s s io n  d u r i n g  d i a g e n e s i s  may c au s e  marked a l i g n ­
ment o f  t h e s e  m i n e r a l s .  A s i m i l a r  o r i e n t a t i o n  may o c c u r  i n  
i g n e o u s  r o c k s ,  f o r  example  i n  f l o w - b a n d e d  l a v a s  o r  l a y e r e d  b o d ie s»  
The o t h e r  main f a c t o r  which may a f f e c t  t h e  g r a i n  o r i e n t a t i o n  
i s  t h e  a p p l i c a t i o n  of  s t r e s s  e i t h e r  d u r i n g  t h e  c o o l i n g  of  an 
i g n e o u s  body o r  t o  any ro ck  a f t e r  i t s  f o r m a t i o n »  The s t r e s s  
e f f e c t s  d u r i n g  c o o l i n g  of  many i g n e o u s  b o d i e s  a p p e a r s  t o  be 
s m a l l ,  and t h e y  a r e  o f t e n  r e v e r s i b l e  o r  rem ovab le  by weak p a r t i a l  
d e m a g n e t i z a t i o n  ( S t a c e y  I960)  b u t  t h e s e  e f f e c t s  can be i m p o r t a n t  
i n  a l l  r o c k  t y p e s  i n  r e g i o n s  o f  met am orphic  a c t i v i t y »
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I t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  amount of  a n i s o t r o p y  
p r e s e n t  by s u b j e c t i n g  a r o c k  spec im en  t o  s t r o n g  m a g n e t i c  f i e l d s  
and o b s e r v i n g  t h e  d e f l e c t i o n  c a u s e d  by t h e s e  f i e l d s  when a p p l i e d  
a t  d i f f e r e n t  a n g l e s .  T h i s  measurement i s  somewhat t e d i o u s *
A f u r t h e r  method,  of  p a r t i c u l a r  v a l u e  i n  e xam in ing  i g n e o u s  r o c k s ,
S ' '
i s  t o  g i v e  a r o ck  spec im en a TRM i n  t h e  l a b o r a t o r y  i n  some known 
f i e l d ,  such  as  t h a t  of t h e  U a r t h ,  and t o  compare t h e  d i r e c t i o n  
a c q u i r e d  w i t h  t h a t  of  t h e  a p p l i e d  f i e l d .  T h i s  t e c h n i q u e  i s  
f a i r l y  r a p i d ,  and has  t h e  m e r i t  of  m e a su r in g  t h e  a n g u l a r  d e v i a t ­
i o n  c a u s e d  by a n i s o t r o p y  -  i t  i s  t h i s  f a c t o r  wh_ch i s  i m p o r t a n t
i n  t h e  a n a l y s i s  of p a l a e o m a g n e t i e  d i r e c t i o n s *
I t  a p p e a r s  p o s s i b l e  t h a t  t h e r e  i s  a  s m a l l  d e g r e e
of a n i s o t r o p y  r e s e n t  i n  so .... . a c i d i c  s a m p l e s ,  a l t h o u g h  t h e
F ig u r e  1-v
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e f f e c t  on t h e  d i r e c t i o n  of  remanence  i s  w i t h i n  t h e  e x p e r i m e n t a l  
e r r o r  of  t h e  t e c h n i q u e s *  However,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  
i f  a n i s o t r o p y  i s  p r e s e n t  i n  t h e s e  r o c k s ,  t h e n  t h e  p l a n e  of 
maximum s u s c e p t i b i l i t y  w i l l  n o r m a l ly  be p a r a l l e l ,  t o  t h e  l a v a  
f l o w ,  a s s o c i a t e d  w i th  f l o w - b a n d i n g  s t r u c t u r e s ,  and w i l l  g i v e  a 
n e t  component  to w a rd s  a s h a l l o w e r  i n c l i n a t i o n ,  even  i n  t h e  
meaned r e s u l t s  and i r r e s p e c t i v e  of  t h e  p o l a r i t y  of  t h e  f i e l d  
(F ig*  1 - v ) *
1 »7 Sam pl ing
A sam ple ,  some 20 x 12 x 10 cms*,  was chosen  f rom a
s i t e ,  w hich  was u s u a l l y  w i t h i n  a  s i n g l e  l a v a  f lo w  o r  dyke*
The sam ple  was o r i e n t e d  i n  s i t u  u s i n g  a compass  and c l i n o m e t e r
and g i v e n  a r e f e r e n c e  number (Fig* 1 - v i ) * I f  t h e  rock  a t  t h e
s i t e  d i d  not  a p p e a r  t o  a f f e c t  t h e  compass ,  t h e  b e a r i n g  of  t h e
s t r i k e  was made w i t h  t h e  compass  a l o n g  t h e  s t r i k e  l i n e  on t h e
r o c k ,  b u t  i f  t h e  r o c k  a p p e a r e d  t o  a f f e c t  t h e  compass even
s l i g h t l y ,  t h e  s t r i k e  b e a r i n g  was t a k e n  f rom  a d i s t a n c e  o f  some
2-3 m* In  H aw a i i ,  b e a r i n g s  w ere  a l s o  t a k e n  f rom  t h e  s i t e
to w a r d s  d i s t a n t  f e a t u r e s ,  such  as  a  n e i g h b o u r i n g  i s l a n d *  These
o b s e r v a t i o n s  were t h e n  compared w i t h  t h e  t r u e  b e a r i n g ,  l e s s
p r e s e n t  day v a r i a t i o n ,  o b t a i n e d  from maps* In  a lm o s t  a l l
c a s e s ,  t h e  d e v i a t i o n  d i d  not  exceed  1-2°«  a l t h o u g h  i n  a few
oc a s e s  t h e  d i f f e r e n c e  was as  h ig h  as  20 • Where t h e  b e a r i n g
owas d i f f e r e n t  by g r e a t e r  t h a n  2 , t h e  s t r i k e  b e a r i n g  was
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c o r r e c t e d  a c c o r d i n g l y *  No such  b e a r i n g s  were t a k e n  t h e  p r e v i o u s  
y e a r  i n  t h e  i s l a n d s  of  t h e  S.W. P a c i f i c ,  bu t  i t  i s  c o n s i d e r e d  
t h a t  e r r o r s  due t o  t h i s  s o u r c e  w i l l  be random and w i l l  t e n d  t o  
a v e r a g e  ou t  i n  t n e  d e t e r m i n a t i o n  of  t h e  mean d i r e c t i o n s .
A s i t e  i s  a volume o f  r o c k  f rom  which  one o r  more 
sam p les  were t a k e n  and i n  which t h e  p r im a r y  m a g n e t i z a t i o n  can 
be c o n s i d e r e d  t o  have been  a c q u i r e d  o v e r  t h e  same s h o r t  p e r i o d  
of  t i m e .  The l a v a s  and dykes  sampled  were g e n e r a l l y  t h i n ?  
so t h a t  v e r t i c a l  h e i g h t  sampled  a t  any one s i t e  was much l e s s  
t h a n  one m e t r e ,  bu t  s am p les  were u s u a l l y  s p r e a d  o v e r  2-3  m* 
h o r i z o n t a l l y .  The s i t e  a r e a  was t h e  same when s e d i m e n t s  
were  sampled  and t h e r e  was no s t r a t i g r a p h i c  b r e a k  d e t e c t a b l e  
be tw een  s a m p l e s  a t  t h e  same s i t e *
I t  i s  d e s i r a b l e ,  f o r  s t a t i s t i c a l  r e a s o n s  ( S e c t i o n  
1 * 9 ) ,  t o  o b t a i n  a minimum of  two sam p les  p e r  s i t e ,  w h i l e  a t  
l e a s t  f i v e  sam p les  i s  r e a l l y  d e s i r a b l e .  In  t h e  P a c i f i c  r e g i o n ,  
ho w ev e r ,  i t  was d i f f i c u l t  t o  o b t a i n  an a d e q u a t e  number of  s a m p le s  
a t  any one s i t e  u s i n g  c o n v e n t i o n a l  hammer and c h i s e l  me thods  
o f  e x t r a c t i o n  ( s e e  C h a p t e r  19)* The main r e a s o n s  f o r  t h i s  a r e : -
1) The g e n e r a l  a b s e n c e  of  r o a d  c u t s  and q u a r r i e s .
2) The i n a c c e s s i b i l i t y  of  many n a t u r a l  e x p o s u r e s  -  f o r  example  
f i v e  d a y s  were  s p e n t  i n  t h e  u n i n h a b i t e d  i n t e r i o r  of  T a h i t i  w i t h  
t h r e e  a s s i s t a n t s ,  but  o n ly  s i x  sam p les  c o u ld  be o b t a in e d *
3) R e c e n t  f l o w s  a r e  w e l l  exposed  bu t  d i f f i c u l t  t o  o r i e n t  o r  
remove s a m p l e s .
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Most s a m p le s ,  e x c e p t  f ro m  H a w a i i ,  were  o b t a i n e d  from 
r a i s e d  s e a  c l i f f s  and p o o r  r o a d s i d e  e x p o s u r e s -  In  many c a s e s  
i t  was only p o s s i b l e  t o  o b t a i n  one sample  p e r  s i t e *
1 *j  Measurement and T rea tm e n t
G ores ,  3*5 eins* d i a m e t e r ,  were d r i l l e d  f rom t h e  sam p les  
i n  t h e  l a b o r a t o r y ,  u s i n g  n o n - m a g n e t i c  t o o l s ,  and t h e  sample  
number and o r i e n t a t i o n  marks c a r e f u l l y  t r a n s f e r r e d *  .„ach c o re  
was t h e n  s l i c e d  t o  form s p e c im e n s ,  w hich  a r e  c y l i n d e r s  of  0*4,  
j *7,  2*1 o r  3*5 cns> t h i c k n e s s *  In  g e n e r a l  two s p ec im en s  
w ere  o b t a i n e d  f rom each  sample  (n ig *  1 - v i ) ,  each  spec im en  b e i n g  
f rom  a s e p a r a t e  core*  _ach  c o re  b e a r s  a  sample number w i t h  t h e  
a d d i t i o n  of a  l e t t e r  ( a , b ; c ,  • • •) and h e r e  more t h a n  one s p e c ­
imen i s  cu t  f rom  t h e  s a  :e c o r e  a f u r t n e r  s u f f i x  (1 , i , 3 , • • -; 
i  l  added  ( f  i g  • 1 -v i} *
Sample 104
Specimens
I04al
I04a2
I04a3
F igu re  1 - v i
Sample, Core and Specimen Numbering
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The d i r e c t i o n  and i n t e n s i t y  of  NRM was measured  on 
e i t h e r  a s h o r t  p e r i o d  o r  a  l o n g  p e r i o d  a s t a t i c  magnetomete r ,  
i n  t h e  D epar tm ent  of  Geophys ics ,  w hich  a r e  e s s e n t i a l l y  s i m i l a r  
t o  t h o s e  p r e v i o u s l y  c o n s t r u c t e d  ( B l a c k e t t  1952,  C o l l i n s o n  e t  a l  
1 9 5 7 ) ’ The m a g n e to m e te r s  and method of  measurement a r e  d e s i g n e d  
such  t h a t  t h e  e f f e c t  of  m a g n e t i c  in h o m o g e n e i t y  w i t h i n  t h e  
s p e c im e n s  i s  n e g l i g i b l e ,  and t h e  a c c u r a c y  of  measurement of  
d i r e c t i o n  i s  w i t h i n  3° and t h e  i n t e n s i t y  w i t h i n  5&* The magnet­
o m e t e r s  a r e  i n t e r c a l l i b r a t e d  and have  been  checked  a g a i n s t  
o t h e r  m a g n e to m e te r s  i n  B r i t a i n  and A u s t r a l i a «
A s e l e c t i o n  of  p i l o t  s p e c im e n s  was t h e n  made and 
t h e s e  were  s u b j e c t e d  t o  p a r t i a l  d e m a g n e t i z a t i o n  i n  a l t e r n a t i n g  
m a g n e t i c  f i e l d s ,  u s i n g  t h e  m e thods  and equ ipment  d e s c r i b e d  by 
I r v i n g  e t  a l  (1961b)«  T h i s  c o n s i s t s  o f  p l a c i n g  t h e  spec im en  i n  
an  a l t e r n a t i n g  m a g n e t i c  f i e l d  which i s  i n c r e a s e d  sm oo th ly  f rom 
z e r o  t o  a peak  v a l u e  w h i l e  t h e  sp e c im e n  i s  b e i n g  r o t a t e d  so t h a t  
any d i r e c t i o n a l  component which may be p r e s e n t  i s  a v e r a g e d  o u t .  
The s p e c im e n  i s  h e l d  a t  t h e  p e a k  f i e l d  f o r  some 10-20 seco n d s  
b e f o r e  t h e  f i e l d  i s  r e d u c e d  sm oo th ly  t o  z e r o .  The r e m a in in g  
r e m a n en t  m a g n e t i z a t i o n  i s  t h e n  m e a s u re d ,  and t h e  spec im en  s u b j ­
e c t e d  t o  a  h i g h e r  peak  f i e l d ,  and so on .  I n  g e n e r a l  peak  f i e l d s  
o f  37*5 ,  75 ,  112*5,  150, 225,  300,  450 and 750 o e r s t e d s  were 
u s e d  •
A l a r g e  number of  p i l o t  s p ec im en s  were t a k e n  f rom  t h e  
Samoan and Tongan c o l l e c t i o n  i n  o r d e r  t o  d e t e r m i n e  t h e  p a r t i a l
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d e m a g n e t i z a t i o n  p r o p e r t i e s  o f  r o c k s  f rom t h e  P a c i f i c *  As t h e  
o t h e r  P a c i f i c  i s l a n d s  a r e  of  s i m i l a r  p e t r o l o g i c a l  c o m p o s i t i o n ,  
i t  was p r o b a b l e  t h a t  t h e i r  m a g n e t i c  p r o p e r t i e s  would be s i m i l a r *  
These  p i l o t  spec im ens  showed t h a t  t h e r e  was a r a n g e  of  a p p l i e d  
f i e l d  i n  w hich  t h e  d i r e c t i o n  of  remanence  i n  any one spec im en  
re m a in e d  a p p r o x i m a t e l y  c o n s t a n t *  The peak  v a l u e  o f  150 o e r s t e d s  
f e l l  w i t h i n  t h i s  r a n g e  of  most p i l o t  spec im ens*  I t  i s  n o t  
p r a c t i c a b l e  t o  s u b j e c t  a l l  s p e c im e n s  t o  t h i s  d e t a i l e d  t e s t ,  so 
i t  was d e c i d e d  to  t r e a t  a l l  Samoan s p e c im e n s  i n  150 o e r s t e d s  
(p e a k )  a l t e r n a t i n g  f i e l d *  The s c a t t e r  i n  t h e  'E ua  (Tonga) 
s p e c i m e n s ,  however ,  was l e a s t  a t  225 o e r s t e d s  (peak)  and t h e  
Tongan spe c im e n s  were  a l l  t r e a t e d  i n  t h i s  f i e l d *
From a l l  o t h e r  i s l a n d s ,  o n ly  a few p i l o t  sp ec im en s  
w ere  c h o s e n  -  u s u a l l y  two f rom e v e r y  rock  u n i t *  These  were  
t r e a t e d  i n  t h e  same manner a s  t h e  Samoan and Tongan p i l o t  s p e c i ­
mens i n  o r d e r  t o  c o n f i r m  t h a t  150 o e r s t e d s  was s u f f i c i e n t  t o  
remove o r  r e d u c e  t h e  e f f e c t s  of  low c o e r c i v i t y  s e c o n d a r y  comp­
o n e n t s  w i t h o u t  e x c e e d in g  t h e  c o e r c i v i t y  o f  t o t a l  NRM* In  a l l  
P a c i f i c  i s l a n d s  e x c e p t  New C a l e d o n i a ,  t h i s  f i e l d  a p p e a re d  
s u i t a b l e  and was u s e d ,  b u t  i n  New C a l e d o n i a  t h e r e  was e v i d e n c e  
t h a t  t h e  c o e r c i v i t y  o f  NRM was e x c e e d e d  a t  150 o e r s t e d s ,  and a l l  
New C a l e d o n i a n  s p e c im e n s  were t r e a t e d  i n  38 o e r s t e d s  f i e l d *
I n  o r d e r  t o  compare t h e  e f f e c t s  of  38 and 150 o e r s t e d s  t r e a t m e n t  
on s t a b l e  r o c k s ,  a l l  New H e b r id e a n  s p e c im e n s  were  t r e a t e d  i n  38 
o e r s t e d s  and t h e n  i n  150 o e r s t e d s .  I t  was found  t h a t  t h e r e  was
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l i t t l e  d i f f e r e n c e  i n  d i r e c t i o n  b e tw ee n  spec im ens  a f t e r  e i t h e r  
t r e a t m e n t ,  a l t h o u g h  t h e  h i g h e r  f i e l d  a p p e a re d  s l i g h t l y  b e t t e r  
i n  o b t a i n i n g  c o n s i s t e n t  w i t h i n - s i t e  d i r e c t i o n s »  In  Aden, i t  was 
f o u n d  t h a t  t h e  d i r e c t i o n  of  NRM at  a l l  a p p l i e d  f i e l d s  up t o  
900 o e r s t e d s  (peak)  f i e l d  was t h e  same a s  t h e  i n i t i a l  d i r e c t i o n ,  
so t h e r e  was no p o i n t  i n  s u b j e c t i n g  t h e  spec im ens  t o  a l t e r n a t i n g  
m a g n e t i c  f i e l d s  and t h e  i n i t i a l  d i r e c t i o n s  were u s e d  i n  t h e  
a n a l y s i s •
A few spec im ens  were  c h o s e n  and g i v e n  an  IRM, u s i n g
a Pye 'L a r g e  E l e c t r o m a g n e t '  and s u b j e c t i n g  them t o  v a r i o u s  s t e a d y
f i e l d s  up t o  5»000 o e r s t e d s »  The r e s u l t s  were g r a p h e d  and t h e
maximum remanence  (M ) ,  t h e  f i e l d  (H ) r e q u i r e d  to  p roduce—max max
M ? and t h e  f i e l d  r e q u i r e d  t o  r e d u c e  M t o  ze ro  (H ) -  t h e  —max —max c r
c o e r c i v i t y  of maximum remanence  -  were d e t e r m in e d  (Fig* 1 - v i i ) •
t f M D  FICLO (OC)
F igure  1 - v i i
|RM INTENSITY-APPLIED FIELD GRAPH
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I n  o r d e r  t o  t e s t  f o r  a n i s o t r o p y  of  TRM and t h e  e x i s t ­
ence  o f  s e l f - r e v e r s a l  mechanisms ,  some s pec im ens  were  g i v e n  a 
TRM i n  t h e  l a b o r a t o r y  by h e a t i n g  them t o  750°C* and a l l o w i n g  them 
t o  c o o l  i n  t h e  E a r t h ' s  f i e l d  a t  C a n b e r r a  (11*3,  ~65°5 ,  0*59 o e . )  
w i t h  t h e i r  o r i e n t a t i o n  marks i n  t h e  m a gne t ic  m e r i d i a n  ( S e c t i o n  
13®4)* D iv e r g e n c e  f rom t h e  E a r t h ' s  f i e l d  o f  g r e a t e r  t h a n  5° 
was c o n s i d e r e d  t o  be o u t s i d e  e x p e r i m e n t a l  e r r o r  and t o  i n d i c a t e  
a n i s o t r o p y -
1»9 A n a l y s i s  o f  P a l a e o m a g n e t i c  D i r e c t i o n s
The spec im en  d i r e c t i o n s  o f  m a g n e t i z a t i o n ,  were 
measured  i n  p o l a r  c o o r d i n a t e s  i n  d e g r e e s  c l o c k w i s e  from t r u e  
N or th  ( d e c l i n a t i o n  = D) and in  d e g r e e s  f rom t h e  h o r i z o n t a l  
( i n c l i n a t i o n  = i ) , t h e  i n c l i n a t i o n  b e i n g  p o s i t i v e  i f  d i r e c t e d  
downwards« These  spec im en  d i r e c t i o n s  were combined g r a p h i c a l l y ,  
u s i n g  an e q u a l - a r e a  n e t ,  t o  o b t a i n  mean sample  d i r e c t i o n s  which 
were  t h e n  com bined ,  u s i n g  t n e  F i s h e r  a n a l y s i s  ( 1 9 5 3 ) ,  t o  o b t a i n  
mean s i t e  d i r e c t i o n s  ( e x c e p t  i n  Aden, where spec im en  d i r e c t i o n s  
were  used  t o  o b t a i n  mean s i t e  d i r e c t i o n s ) .  The F i s h e r  method 
may a l s o  be u s e d  f o r  h i g h e r  l e v e l s  o f  c o m b i n a t i o n .  In  t h i s  
work,  t h e  a d j e c t i v e  ’ mean'  has  n o t  g e n e r a l l y  been  u s e d ,  bu t  
a l l  d i r e c t i o n s  a t  a  h i g h e r  l e v e l  t h a n  a spec im en  a r e  n e c e s s a r i l y  
mean d i r e c t i o n s .  Where i t  has  been  n e c e s s a r y  t o  c a l c u l a t e  a 
p a l a e o m a g n e t i c  p o l e  p o s i t i o n  f o r  a f o r m a t i o n  of  s e v e r a l  s i t e s ,  
t h e  mean d i r e c t i o n  i s  t a k e n  a t  t h e  mean s i t e  p o s i t i o n .
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The method proposed by Fisher (*1953) for combining 
such mean directions is to sum the direction cosines of each 
individual vector, giving unit weight to each vector, to obtain 
the resultant vector (r )• Fisher also applied the theory of 
errors to the distribution of groups of directions usually 
encountered in palaeomagnetism. He took his fundamental distr­
ibution as a number of points (n ) on a sphere whose frequency 
distribution is proportional to s where & is the angular
displacement of the observed mean direction from its true 
position (i-e* where £■ = 0); and K is the measure of precision 
which varies from zero for evenly distributed points over the 
sphere and increases as the distribution becomes confined to 
a small portion of the spherical surface* Fisher showed that 
the best estimate of the precision (k) is given by k = N-1/n-R- 
He also showed that the accuracy of the estimate of true mean 
direction may be given by the semi-vertical angle (a) of a cone 
about the observed mean direction, a being given by
The probability (p) is taken to be 0°05 throughout this work- 
Watson (1956a) and Vincenz and Bruckshaw (i960) have 
shown that the length of the resultant vector (r ) will reflect 
the probability with which R reflects the true mean direction 
of N vectors, and they have calculated the length of R for 5^ 
and 1i probabilities for a number of vectors from 3 to 20*
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M*A* V/ard ( p e r s o n a l  com m unica t ion )  has  c a l c u l a t e d  t h e  s i g n i f i c a n c e  
p o i n t  f o r  N = 2 t o  be 1 .9 5  a t  a  5 % p r o b a b i l i t y . In  t h e  work 
p r e s e n t e d  h e r e ,  a  r e s u l t a n t  v e c t o r  i s  t e rm e d  ' random '  i f  i t  i s  
no t  s i g n i f i c a n t  a t  a  5% l e v e l  and such  ' r andom '  d i r e c t i o n s  have 
n o t  b e e n  c o n s i d e r e d  f u r t h e r  i n  t h e  a n a l y s i s .  I t  s h o u ld  be bo rn  
i n  mind t h a t  t h e  p r o b a b l e  e r r o r  a s s o c i a t e d  w i th  each  s i g n i f i c a n c e  
p o i n t  i n c r e a s e s  r a p i d l y  as  N becomes l e s s  t h a n  5»
The p a l a e o m a g n e t i c  d i r e c t i o n s  may a l s o  be r e p r e s e n t e d  
by p a l a e o m a g n e t i c  p o l e s  ( C r e e r  e t  a l  1954,  H ospe rs  1 9 5 4 ) .  The 
c a l c u l a t i o n  i s  b a s e d  on s t a n d a r d  f o r m u l a e  f o r  s p h e r i c a l  t r i a n g l e s ,  
t n e  m a g n e t i c  c o l a t i t u d e  ( / )  b e i n g  g i v e n  by
c o t  /  = fa t a n  I
and t h e  l a t i t u d e  (^)  and l o n g i t u d e  ( / )  o f  t h e  p a l a e o m a g n e t i c  
p o l e  i n  p r e s e n t  day c o o r d i n a t e s  i s  g i v e n  by
c o s  ct" = c o s ^ " c o s /  + s i n  <9-s i n / ' c o  s D
and
s i n  ( f - f )  = s i n  D s i n  / ' / s i n  
/ /
where  9- and (f a r e  t h e  l a t i t u d e  and l o n g i t u d e  o f  t h e  s i t e .
The main a d v a n t a g e  of  t h i s  p r e s e n t a t i o n  i s  t h a t  t h e  d i r e c t i o n s  
o b s e r v e d  i n  d i f f e r e n t  a r e a s  can  be r e a d i l y  compared* I t  a l s o  
a l l o w s  a u s e f u l  d e f i n i t i o n  of  ' n o r m a l 1 and ' r e v e r s e d '  d i r e c t i o n s  
(R uncorn  1 9 5 6 ) .  I f  t h e  n o r t h  p a l a e o m a g n e t i c  p o l e  i s  l o c a t e d  i n  
t h e  p r e s e n t  n o r t h e r n  h e m is p h e re ,  t h e  d i r e c t i o n  i s  t e rm e d  ' n o r m a l '  
o r  p o s i t i v e ,  b u t  i f  t h e  p o l e  l i e s  i n  t h e  s o u t h e r n  h e m is p h e r e ,  t h e  
d i r e c t i o n  i s  t e rm e d  ' r e v e r s e d ' .  As t h e  i n c l i n a t i o n s  i n  t h e  a r e a s
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s t u d i e d  i n  t h i s  t h e s i s  a r e  low,  i t  i s  c o n v e n i e n t  t o  u s e  t h e  
d e f i n i t i o n  of  ' n o r m a l '  a s  b e i n g  o f  n o r t h e r l y  d e c l i n a t i o n ,  and 
' r e v e r s e d '  a s  s o u t h e r l y  d e c l i n a t i o n *  In  a lm o s t  a l l  c a s e s  s t u d i e d  
h e r e  t h i s  d e f i n i t i o n  g i v e s  t h e  same r e s u l t s  a s  t h e  more p r e c i s e  
d e f i n i t i o n  b ased  on p a l a e o m a g n e t i c  p o l e s .
Watson (1956b)  and Watson and I r v i n g  (1957) have shown 
how an  e s t i m a t e  can be o b t a i n e d  o f  t h e  d i s p e r s i o n  w i t h i n  a s i t e  
(w) and b e tw ee n  d i f f e r e n t  s i t e s  (b) i f  w i s  s m a l l  and t h e  two 
v a l u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( F - t e s t ) ;
w ^ ( N -  1)^(N -  R)
b
-1
where N = No* sam p les  a t  a  s i t e  R = r e s u l t a n t  v e c t o r  a t  a  s i t e  
B = No. s i t e s  R^= r e s u l t a n t  v e c t o r  a l l  samples
N = w e ig h te d  a v e r a g e  No* sam p le s  p e r  s i t e ,  g i v e n  by
I t  i s  t h o u g h t  t h a t  w i s  r e l a t e d  t o  t h e  e f f e c t s  of  s a m p l in g  e r r o r s ,  
m easu re m en t ,  e t c . ,  and t h e  b i s  c l o s e l y  r e l a t e d  t o  b e t w e e n - s i t e  
t e c t o n i c  movements and s e c u l a r  v a r i a t i o n  ( C h a p t e r  15)* In  t h e  
P a c i f i c ,  t h e  w i t h i n - s i t e  s c a t t e r  t e n d s  t o  be l a r g e  and i t  i s  
d o u b t f u l  i f  t h i s  a n a l y s i s  can  be u sed  t o  e s t i m a t e  b a c c u r a t e l y *
The F i s h e r  a n a l y s i s  and p a l a e o m a g n e t i c  p o l e  c a l c u l a t i o n s  
were  done by hand f o r  Aden,  and t h e n  u s i n g  a n  e l e c t r o n i c  com pu te r ,  
w i t h  p ro g ra m s  w r i t t e n  by M»A* Ward f o r  Samoa and Tonga* A l l  o t h e r  
d i r e c t i o n a l  a n a l y s e s  were done on an  IBM 1620 com pu te r  i n  t h e  
R e s e a r c h  S c h o o l  of  P h y s i c a l  S c i e n c e  u s i n g  p rog ram s  w r i t t e n  by 
M*A* Ward and mysel f*
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1 »10 E x p o s i t i o n
A d e s c r i p t i o n  of  a n o n - m a g n e t i c  f u r n a c e  i s  g i v e n  i n  
C h a p t e r  2* T h i s  i s  f o l l o w e d  by t e n  c h a p t e r s  i n  which t h e  g e o l o g y ,  
t h e  p a l a e o m a g n e t i c  r e s u l t s  and t h e i r  i n t e r p r e t a t i o n  i n  t e r m s  of  
l o c a l  p rob lem s  a r e  g iv e n  f o r  i n d i v i d u a l  i s l a n d s  o r  i s l a n d  g r o u p s -  
The f i n a l  c h a p t e r s  a r e  c o n c e r n e d  w i t h  t h e  P a c i f i c  d a t a  a s  a 
w h o l e •
T hroughou t  t h e  d e s c r i p t i v e  c h a p t e r s ,  t h e  g e o l o g y  i s  
d e s c r i b e d  i n  some d e t a i l -  T h i s  i s  c o n s i d e r e d  n e c e s s a r y  a s  t h e  
g e o l o g i c a l  i n f o r m a t i o n  on t h e s e  a r e a s  i s  o f t e n  s c a n t y  and 
o b s c u r e ,  ye t  i t  i s  e s s e n t i a l  t o  have t h i s  backg round  a g a i n s t  
which  t o  i n t e r p r e t  t h e  p a l a e o m a g n e t i c  r e s u l t s -  In  each  of  
t h e s e  c h a p t e r s ,  t h e  spec im en d i r e c t i o n s  a r e  p l o t t e d  on e q u a l -  
a r e a  p r o j e c t i o n s ,  bu t  on ly  t h e  mean s i t e  d i r e c t i o n s  a r e  d i s c ­
u s s e d  -  a l l  spe c im e n  d a t a  b e i n g  g i v e n  in  t h e  A p p e n d ic e s ,  f o l l o w i n g  
a l i s t  of  symbols  u s e d -  An a t t e m p t  i s  t h e n  made t o  e s t a b l i s h  
t h e  r e l i a b i l i t y  of  t h e  mean d i r e c t i o n s  as  i n d i c a t o r s  of  t h e  p a s t  
f i e l d -  T h i s  i s  done by d e t e r m i n i n g  t h e  s t a b i l i t y  of  NRM to  
d e c i d e  i f  t h e  o r i g i n a l  d i r e c t i o n  may have b e e n  r e t a i n e d  t h r o u g h  
g e o l o g i c a l  t i m e ,  and t h e n  d e t e r m i n i n g  i t s  i s o t r o p y ,  i - e -  t h e  
e x t e n t  t o  which  t h e  d i r e c t i o n  a c q u i r e d  w i l l  be t h e  same a s  t h e  
a n c i e n t  f i e l d  d i r e c t i o n -  T h ree  TRM a n i s o t r o p i c  e x p e r i m e n t s  were 
c o n d u c t e d ,  b u t  i t  i s  t h o u g h t  t h a t  t h e r e  was some s y s t e m a t i c  
m easurement  e r r o r  i n  t h e  f i r s t  two e x p e r i m e n t s  and o n ly  one
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e x p e r i m e n t  i s  d e s c r i b e d  i n  d e t a i l  ( C h a p t e r  13*4 ) ;  t h e  r e s u l t s  
o f  t h e  f i r s t  two e x p e r i m e n t s  b e i n g  i n c l u d e d  i n  each  d e s c r i p t i v e  
c h a p t e r •
The f i n a l  c h a p t e r s  a r e  c o n c e rn e d  w i t h  t h e  e v i d e n c e  
o f  t h e  E a r t h ' s  m a g n e t i c  f i e l d  d u r i n g  t h e  L a t e  C a i n o z o ic *  I t s  
mean d i r e c t i o n  ( C h a p t e r  1 4 ) ,  t h e  s c a t t e r  abou t  t h i s  mean d i r e c t ­
i o n  ( C h a p t e r  1 5 ) ,  t h e  change  of  p o l a r i t y  ( C h a p t e r  16) and t h e  
i n t e n s i t y  of  t h e  f i e l d  ( C h a p t e r  17) a r e  d i s c u s s e d *  C h a p t e r  18 
o u t l i n e s  some p h y s i c a l  f e a t u r e s  o f  t h e  P a c i f i c  B a s i n  and some 
h y p o t h e s e s  of  t h e  o r i g i n  of  i s l a n d  a r c s  a r e  d i s c u s s e d  i n  t e rm s  
of  t h e  g e o l o g i c a l  and p a l a e o m a g n e t i c  d a t a *  The f i n a l  c h a p t e r  (19) 
c o n t a i n s  a summary of  t h e  b ro a d  c o n c l u s i o n s ,  i n  p a r t i c u l a r  co n c ­
e r n i n g  s a m p l in g  t e c h n i q u e s  and r e g i o n s  which  a p p e a r  w or thy  of  
f u r t h e r  p a l a e o m a g n e t i c  s t u d y -
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C h a p t e r  2
A NON-MAGNET IC FURNACE
2 .1  I n t r o d u c t i o n
E .  I r v i n g ,  i n  1 9 5 9 ,  s u g g e s t e d  t h a t  a  n o n - m a g n e t i c  
f u r n a c e  be c o n s t r u c t e d  i n  t h e  G e o p h y s i c s  D e p a r t m e n t  o f  t h e  
A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y  i n  o r d e r  t o  augment  o t h e r  
e q u i p m e n t  i n  t h e  p a l a e o m a g n e t i c  s e c t i o n *  The m ain  f e a t u r e  
o f  t h i s  f u r n a c e  was t o  be t h e  h e a t i n g  and c o o l i n g  o f  a  l a r g e  
num ber  o f  r o c k  s p e c i m e n s  i n  a  known m a g n e t i c  f i e l d .  A l l  
p r e v i o u s  f u r n a c e s  u s e d  i n  p a l a e o m a g n e t i c  work had b e e n  d e s i g n e d  
t o  t r e a t  o n l y  one  o r  two s p e c i m e n s  a t  a  t i m e ,  a l t h o u g h  t h e s e  
w e re  o f t e n  i n  c o n j u n c t i o n  w i t h  t h e  o b s e r v a t i o n  o f  t h e  b e h a v i o u r  
o f  t h e  m a g n e t i z a t i o n  u n d e r  d i f f e r e n t  p r e s s u r e s ,  s t r e s s e s ,  e t c .
Work was commenced on t h e  d e s i g n  and c o n s t r u c t i o n  
o f  a  s e t  o f  s q u a r e  H e l m h o l t z  c o i l s  by W*A* R o b e r t s o n  (1 9 6 2 )  by 
w h i c h  t h e  m a g n e t i c  f i e l d  c o u l d  be  c o n t r o l l e d  a c c u r a t e l y  i n  a  
v o lum e  o f  a p p r o x i m a t e l y  6 , 0 0 0  cm . T h e s e  c o i l s  w e re  a l m o s t  
c o m p l e t e d  when I  j o i n e d  t h e  D e p a r t m e n t ,  and  I  a s s i s t e d  i n  
t h e i r  c o m p l e t i o n  and  e r e c t i o n  w h i l e  comm encing  t o  d e s i g n  a
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furnace to heat specimens within the volume of space over which 
the field could be controlled*
The original design of this apparatus is essentially 
an amalgam of other people’s ideas, mainly within the A.N.U«, 
but also using experience drawn from my previous work in 
London. As a result it is difficult, in most cases, to 
assign specific recognition to individuals for their assistance* 
However, the design is primarily based on suggestions by 
P*C. James, who had constructed furnaces of similar design in 
Melbourne (although these were of steel and the internal 
atmosphere was not important). Mr. R. Mulcaster carried out 
the construction in the workshop of the Research School of 
Physical Sciences. Messrs. E« Irving, W*A* Robertson,
P.D* Stacey, P.M. Stott and M«A* Ward assisted in the discussion 
of many design points and they erected and tested the apparatus. 
Throughout tne work, E» Irving, as always, was extremely 
helpful, and many of the design modifications, especially the 
cooling system, were at his suggestion*
Following the construction of the furnace, I was 
unable to complete its erection and subsequent testing as it 
was necessary to undertake field work.
2.2 Purpose
Thermal treatment is extremely important in palaeomag- 
netic research for several reasons. In particular, (a) It is
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important in studies of igneous rocks as it allows reproduction 
of some of the conditions in which magnetization is acquired 
(although (i) the time scales are very different, (ii) heat 
treatment may affect the composition of the magnetic minerals, 
and (iii) the experiment is conducted in a pressure of only 
one atmosphere)• (b) Thermal demagnetization is useful in 
reducing or removing secondary components (Section 1*4) which 
are acquired, and removed, at low temperatures. (c) The study 
of the magnetic behaviour of rocks over various temperature 
ranges is of considerable interest - (i) it allows the 
determination of the Curie point and therefore the identific­
ation of magnetic minerals, (ii) it is possible to see if the 
minerals can self-reverse their direction while cooling 
(Section 16.2), and (iii) the study is important in many 
investigations, such as determining the strength of the earth's 
palaeomagnetic field (Section 17 • 1) -
All the data on which the design of the non-magnetic 
furnace was based was lost in the fire in the Research School 
of Physical Sciences, but at that time, the furnace had already 
been constructed and some results of its use and description 
had been published (Irving et al 1961a). In view of the loss 
of this data, mostly qualitative design requirements and 
descriptions are given in this chapter.
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It was necessary to construct the furnace of non­
magnetic materials, which could withstand temperatures up to 
and exceeding the normal Curie point encountered in rock 
magnetism (c* 670°C«). The atmosphere within the furnace had 
to be inert to keep chemical changes within the specimens to 
a minimum.
2»3 Description of Design
The original design of the furnace (Fig. 2-i) 
consisted of (a) a specimen holder which stood on (b) an 
insulated pedestal, and was covered by (c) a heating jacket 
with nitrogen inlets and a cooling system. The heating and 
measurement being controlled from (d) an instrument panel*
(a) The specimen holder consists of three copper 
shelves (17 x 0.3cms.) with seven recesses in the upper surface 
of each. The diameter of each recess is slightly greater than 
the diameter of the normal rock specimen (3*5 cms.). The 
surface of the shelves are scribed with lines oriented to 
magnetic north-south and east-west, so that specimens can be 
placed in known orientations within the recesses. The shelves 
are separated from each other by 6 cms. and from the base by 
2 cms. with copper cylinders which have been threaded and 
interlock with each other to give three rigid supporting 
columns. The bottom of these columns screw into three more 
copper cylinders which pass through the insulating box and
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bolt onto a thick aluminium plate on top of the brick pedestal* 
The lower shelf has been drilled to allow a thermocouple to 
protrude into the space between the lower and middle shelves*
(b) The insulated pedestal consists of a rectangular, 
hollow pillar (61 x 61 x 66*5 cms) built of cement bricks, 
onto which is bolted an aluminium plate (61 x 61 x 0*75 cms) 
and a hollow insulating box (42 x 42 x 9*7 cms). The box 
contains three horizontal aluminium and two horizontal copper 
sheets (0.1 cms thick) and consists of sindanyo walls and a 
covering square sindanyo plate* These sheets are kept 1.3 cms 
apart by slotting them into recesses in the sindanyo walls and 
also by sindanyo spacers which are around each of the three 
copper columns supporting the specimen holder and also around 
the four aluminium bolts which fix the box to the brick pedestal*
(c) The heating .jacket (subsequently modified, see 
below) consisted of a silica tube, around which a 18 s.w*g* 
nichrome heating wire was non-inductively wound and cemented*
This tube was then surrounded by two copper and three aluminium 
shells (0.1 cms. thick) in the form of inverted pots* The 
silica tube and insulating shells all rested in recesses in a 
sindanyo disk into which they were secured by means of copper 
angle irons. The sindanyo disk was hollow, to pass over the 
specimen holdei; and fitted into a recess in the sindanyo plate 
on top of the insulating box* The fit of the disk onto the
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the base was not made perfect as some air leakage was pre­
ferred. This allowed air to be flushed out of the jacket and 
specimen holder. The insulating shells were kept 1*3 cms. 
apart by the recesses in the sindanyo disk and by sindanyo 
spacers on each of the six securing bolts on the sides, and 
also by spacers on three securing bolts through the top of the 
jacket. The bolts through the top of the jacket were attatched 
to a pulley system which raised the whole jacket at the compl­
etion of an experiment thereby allowing access to the specimen 
holder. The lifting system consisted of a series of pulleys 
and counter weights (designed and erected by M.A* Ward) which 
lifted the jacket along two guide rods on the outside of the 
heating jacket. Nitrogen was fed into the centre of the 
furnace through the top of the heating jacket and was also 
allowed to enter between the various shells. This reduced the 
oxidation of both specimens and copper constituents. The 
nitrogen (<10 ppm of oxygen) was piped from a cylinder direct to 
the furnace and could also be fed through a tap which allowed 
the pressure to be maintained at about 250 g/cm2, by means of 
a capillary tube.
The cooling system consisted of a helically wound 
copper tube which would allow the circulation of a coolant in 
the immediate vicinity of the specimen holder- This system 
was modified at a very early stage (see below).
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(d) The I n s t r u m e n t  P a n e l » The power s u p p ly  t o  t h e  
h e a t i n g  e lem en t  i s  t a k e n  d i r e c t l y  f rom t h e  p u b l i c  mains s u p p ly  
and i s  c o n t r o l l e d  t h r o u g h  a v a r i a c »  The t e m p e r a t u r e  i s  meas­
u r e d  p o t e n t i o m e t r i c a l l y  u s i n g  a c h r o m e l - a l u m e l  t h e rm o c o u p l e  
w hich  p r o t r u d e s  t h r o u g h  t h e  p e d e s t a l  and t h e  b o t to m  s h e l f  of  
t h e  spec im en  h o l d e r ,  and i s  c o n n e c t e d  w i t h  a p o t e n t i o m e t e r »
2«4 S u b s e q u e n t  M o d i f i c a t i o n s
The two m a jo r  m o d i f i c a t i o n s  were  t o  t h e  c o o l i n g  and 
h e a t i n g  s y s t e m s ,  t h e  f o r m e r  b e i n g  made d u r i n g  my a b s e n c e  on 
f i e l d  work,  b u t  i s  g i v e n  h e r e  f o r  t h e  sake  of  c o m p le t e n e s s »
(a )  The H e a t i n g  S y s t e m « When t h e  f u r n a c e  was o r i g i n ­
a l l y  d e s i g n e d ,  i t  was n e c e s s a r y  t o  have m a n u f a c t u r e d  s i l i c a  
t u b e s  by V i t r o s i l  of  N e w c a s t l e - o n - T y n e , E ng land  as  t h e r e  were 
no h e a t i n g  e l e m e n t s  of  t h e  r e q u i r e d  d i m e n s i o n s  o r  c o m p o s i t i o n  
a v a i l a b l e  c o m m erc ia l ly »  A f t e r  t h e  i n s t a l l a t i o n  of  t h e  f u r n a c e  
t h e  m a n u fa c tu r e  of  s u i t a b l e  e l e m e n t s  b egan  by B a s i c  P r o d u c t s  Co», 
Milwaukee ,  W is c o n s i n ,  U»S»A» T h i s  was b r o u g h t  t o  my n o t i c e  by 
Drs» M»S» P a t t e r s o n  and E»A» Ringwood» The com p le te  e l e m e n t  
c o n s i s t s  o f  f o u r  q u a r t e r  c i r c l e  c y l i n d r i c a l  s e g m e n t s ,  t y p e  8708-SP,  
w i t h  a  l e n g t h  o f  20 .3  c m s - , an e x t e r n a l  d i a m e t e r  o f  2 4 »8 cms»,  
and an i n t e r n a l  d i a m e t e r  o f  2 1 »0 cms» The h e a t i n g  e l e m e n t  i s  
o f  n ic h rom e  w i r e  w hich  i s  s p i r a l l y  wound on t h e  i n s i d e  o f  each  
segm en t ,  so t h a t  i t  i s  n o n - i n d u c t i v e »
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The i n n e r  c o p p e r  s h e l l  was removed f rom t h e  h e a t i n g  
j a c k e t  t o  make room f o r  t h e  new e l e m e n t .  As t h e  s i l i c a  now 
formed  an i n s u l a t i o n  i t  was no t  n e c e s s a r y  t o  r e p l a c e  t h e  s h e l l  
t h a t  had been  removed,  and t h e r e  was room f o r  a s in d a n y o  d i s k  
t o  be p l a c e d  o ve r  t h e  t o p  of  t h e  s i l i c a  c y l i n d e r  t o  fo rm an 
e x t r a  i n s u l a t i n g  l a y e r  on t h e  t o p  of  t h e  f u r n a c e ,  and a s b e s t o s  
ro p e  was u sed  as  an a d d i t i o n a l  i n s u l a t i n g  l a y e r  be tw ee n  t h e  
h e a t i n g  e lem en t  and t h e  n e a r e s t  c o p p e r  s h e l l *
T h i s  r e c o n s t  r u c t i o n  was c a r r i e d  o u t  by Mr. W van  
B a r n e v e l d  i n  t h e  G e o p h y s ic s  Workshop,  u n d e r  my s u p e r v i s i o n ,  
bu t  I was a g a i n  a b s e n t  on f i e l d  work d u r i n g  t h e  r e - e r e c t i o n  
of  t h e  f u r n a c e .
The new h e a t i n g  sy s tem  has  s e v e r a l  a d v a n t a g e s ,  a l t h o u g h  
t h e  o r i g i n a l  d e s i g n  worked w e l l  -  ( i )  i t  i s  c h e a p e r  and e a s i l y  
r e p l a c e d  i f  damaged,  ( i i )  t h e  h e a t i n g  i s  more e f f i c i e n t  as  t h e r e  
i s  no l o n g e r  a  s i l i c a  w a l l  be tw een  t h e  h e a t i n g  w i r e s  and t h e  
spec im en  h o l d e r ,  and ( i i i )  t h e  p r e v i o u s  w i r i n g  had been  p l a c e d  
i n  s h a l l o w  g r o o v e s  and cemented i n  p o s i t i o n ,  b u t  a f t e r  a  s e r i e s  
o f  h e a t i n g - c o o l i n g  r u n s ,  t h e  w i r i n g  b ro k e  l o o s e  and e v e n t u a l l y  
s h o r t e d  making r e w i r i n g  n e c e s s a r y  every  few m on ths .
(b)  The c o o l i n g  sy s tem  was m o d i f i e d  b e f o r e  t h e  
f u r n a c e  was e r e c t e d  a s  i t  was a p p a r e n t  d u r i n g  i n i t i a l  t e s t i n g  
t h a t  a  me thod,  s u g g e s t e d  by E • I r v i n g ,  would be much s i m p l e r  and 
a l s o  more e f f i c i e n t .
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The helical copper tube was removed and the nitrogen 
inlet changed so that nitrogen could be fed separately to the 
heating jacket, and to the specimen holder« An inverted copper 
pot was made to fit over the specimen holder but which could 
fit into the heating jacket. This allowed the heating jacket 
to be removed and the specimens to cool by radiation from the 
inverted pot while still retaining a nitrogen atmosphere around 
the specimens. The only other piece of equipment was a 
sindanyo plate which could be fitted under the heating jacket 
when it is raised so that the loss of heat was not too rapid 
to endanger the silica heating element.
2 • 5 Method of Operation
Up to 20 large specimens (3*5 diam. x 3*5 cms) can 
be fitted into the recesses in the specimen holder, or 20 disks 
(3*5 diam. x 0.7 or 0»4 cms.) can be fitted and covered by 
silica spacers (l«54 cms. high) on top of which a further 20 
disks could be oriented* This spacing ensures that all 
specimens are further apart from each other than their maximum 
dime nsions•
The position of these specimens is noted as markings 
on the specimens may be lost during heat treatment* The 
specimen holder is then covered by the copper pot and the heating 
jacket is lowered over the pot. The square coils are adjusted 
to produce the required field (Robertson 1962) within the
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f u r n a c e  -  d u r i n g  h e a t i n g ,  t h e  am bien t  f i e l d  i s  no t  u s u a l l y  of  
i m p o r t a n c e ,  and t h e  c o i l s  may n o t  be a d j u s t e d  u n t i l  c l o s e  t o  
t h e  maximum t e m p e r a t u r e  r e q u i r e d .  The f u r n a c e  i s  t h e n  f l u s h e d  
t h r o u g h  w i t h  n i t r o g e n  by a l l o w i n g  d i r e c t  c o n n e c t i o n  to  t h e  
n i t r o g e n  c y l i n d e r  f o r  a b r i e f  p e r i o d ,  and t h e  n i t r o g e n  p r e s s u r e  
w i t h i n  t h e  f u r n a c e  i s  t h e n  k e p t  s l i g h t l y  h i g h e r  t h a n  a t m o s p h e r i c  
p r e s s u r e  by means of  a  c a p i l l a r y  c o n n e c t i o n  t o  t h e  c y l i n d e r *
The c u r r e n t  t o  t h e  h e a t i n g  s y s tem  i s  t h e n  s w i t c h e d  
on and t h e  v a r i a c  a d j u s t e d  t o  g i v e  a c u r r e n t  of  abou t  2 am ps . ,  
which i s  i n c r e a s e d  t o  4 amps,  a f t e r  a  few m i n u t e s ,  and t h e n  
t o  8 -10  amps.  (The f u r n a c e  i s  d e s i g n e d  t o  t a k e  a c u r r e n t  of  
20 amps* b u t  t h e  v a r i a c  would have t o  be a d j u s t e d  f o r  t h i s  
c u r r e n t  and 10 amps,  i s  s u f f i c i e n t  f o r  r e a s o n a b l y  r a p i d  h e a t i n g  
up t o  700°C*, a l t h o u g h  a h i g h e r  c u r r e n t  would be p r e f e r a b l e  
i f  t e m p e r a t u r e s  up t o  1 ,000°C« a r e  r e q u i r e d  -  t h e  d e s i g n  sh o u ld  
a l lo w  t e m p e r a t u r e s  of 1 ,100°C« to  be a t t a i n e d « )
The t e m p e r a t u r e  i s  measured  p o t e n t i o m e t r i c a l l y  and 
h e a t i n g  c o n t i n u e d  u n t i l  c l o s e  to  t h e  maximum t e m p e r a t u r e  
r e q u i r e d  -  t h e  c o l d  j u n c t i o n  shou ld  be r e a d  o c c a s i o n a l l y  as  
t h e r e  i s  a s l i g h t  r i s e  i n  o u t s i d e  t e m p e r a t u r e  ( c .  2°C*) which 
a f f e c t s  t h e  c o l d  j u n c t i o n *  The s q u a r e  c o i l s  a r e  t h e n  a d j u s t e d  
and t h e  v a r i a c  i s  u sed  to  r e d u c e  t h e  c u r r e n t  t o  m a i n t a i n  a 
c o n s t a n t  i n t e r n a l  t e m p e r a t u r e  f o r  some 5 m i n u te s  a l l o w i n g  t h e  
s p ec im en s  to  be h e a t e d  t h r o u g h  a t  t h e  same t e m p e r a t u r e *
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The c u r r e n t  i s  t h e n  r e d u c e d  t o  z e r o  u s i n g  t h e  v a r i a c  and t h e n  
s w i t c h e d  o f f .  The h e a t i n g  j a c k e t  i s  r a i s e d  and i t s  bo t tom  
c o v e r e d  w i t h  t h e  s in d a n y o  p l a t e *  D ur ing  t h i s  o p e r a t i o n ,  t h e  
c u r r e n t  t h r o u g h  t h e  c o i l s  must  be a d j u s t e d  due t o  t e m p e r a t u r e  
c h a n g e s  w i t h i n  t h e  w in d in g s  c a u s e d  by t h e  r a d i a t i o n  from t h e  
c o p p e r  p o t .
The f u r n a c e  i s  t h e n  a l l o w e d  t o  c o o l  t o  a t e m p e r a t u r e  
i n  t h e  r e g i o n  of  100°C*, o r  l e s s ,  when t h e  c o p p e r  p o t  i s  
remove^  u s i n g  a s b e s t o s  g l o v e s ,  and t h e  n i t r o g e n  i s  t u r n e d  o f f .  
The spe c im e n s  can  t h e n  be removed a f t e r  a  s h o r t  t i m e  a l t h o u g h  
c a r e  must be t a k e n  to  r e p l a c e  o r i e n t a t i o n  and o t h e r  m a rk ings  
w h ich  may have  been  b u r n t  o f f  -  w h i t e  I n d i a n  in k  a p p e a r s  t o  be 
more d u r a b l e  t h a n  b l a c k  u n d e r  t h e s e  c o n d i t i o n s .
2 . 6  O p e r a t i o n a l  C h a r a c t e r i s t i c s
The main c h a r a c t e r i s t i c s  o f  t h e  h e a t i n g  and c o o l i n g  
c y c l e  a r e  summarised  i n  F i g u r e  2 - i i .  The m o d i f i e d  h e a t i n g  
s y s t e m  has  r e d u c e d  t h e  h e a t i n g  t im e  t o  some 2 h o u rs  f o r  most 
p a l a e o m a g n e t i c  p u r p o s e s ,  which i s  c o m p a ra b le  t o  t h e  c o o l i n g  
p e r i o d  *
An a t t e m p t  t o  r e d u c e  t h e  c o o l i n g  t i m e  by c i r c u l a t i n g  
c o ld  a i r  a round  t h e  c o p p e r  po t  made no d e t e c t a b l e  d i f f e r e n c e  
t o  t h e  c o o l i n g  r a t e *
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2«7 D i s a d v a n t a g e s  of  t h e  P r e s e n t  Model
1 .  D i s i n t e g r a t i o n  o f  t h e  Copper  S h e l l s  u sed  f o r  
i n s u l a t i o n  c o u ld  be r e d u c e d  by an improvement i n  t h e  n i t r o g e n  
c i r c u l a t i o n  around th em .  However,  i t  i s  p o s s i b l e  t h a t  t h e  
s i l i c a  of  t h e  h e a t i n g  e lem en t  and a s b e s t o s  rope  may mean t h a t  
t h e  t e m p e r a t u r e  of  t h e  i n n e r  s h e l l  r e m a in s  low enough f o r  
a lum in ium  t o  be used* The main p rob lem  would be i n  r e d u c i n g  
t h e  t e m p e r a t u r e  of  t h e  s h e l l s  on t o p  o f  t h e  f u r n a c e  i t s e l f *
2 .  Accuracy  o f  Spec imen  O r i e n t a t i o n . The e r r o r  i n  
i n c l i n a t i o n  d e p e n d s  on t h e  a c c u r a c y  o f  t h e  l e v e l l i n g  of  t h e  
s h e l v e s  and can be e l i m i n a t e d  by t h e  t i g h t e n i n g  of  t h e  c o p p e r  
s u p p o r t i n g  co lumns of  t h e  h o l d e r  each  t im e  th e y  a r e  used*
( i n  t h r e e  y e a r s  o p e r a t i o n ,  t h e  s h e l v e s  do no t  show any d e t e c t ­
a b l e  d i v e r g e n c e  f rom h o r i z o n t a l i t y )
The main p rob lem i s  t h e  a c c u r a t e  o r i e n t a t i o n  i n  a 
h o r i z o n t a l  p l a n e .  T h i s  i s  done by e y e ,  which i n t r o d u c e s  an 
e r r o r  o f  1 -2 °  i n  l a r g e  s p e c im e n s ,  and p r o b a b l y  g r e a t e r  i n  d i s k s  
p l a c e d  on t o p  of  s i l i c a  s p a c e r s .  However,  t h e  main e r r o r s  a r e  
l i k e l y  t o  a r i s e  f rom movement o f  t h e  s p e c im e n s  a f t e r  t h e i r  
o r i e n t a t i o n .  T h i s  may a r i s e  f rom k n o c k i n g  w h i l e  p l a c i n g  o t h e r  
s p e c im e n s  i n  p o s i t i o n ,  w h i l e  p u t t i n g  on o r  removing  t h e  c o p p e r  
p o t ,  and by ' e x p l o s i o n s '  o f  spec im ens  w h i l e  h e a t i n g .  The u s e  of  
some l i f t i n g  mechanism f o r  r a i s i n g  and l o w e r i n g  t h e  c o p p e r  p o t
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o r  g i v i n g  i t  more c l e a r a n c e  might  r e d u c e  one of  t h e s e  c a u s e s  
o f  e r r o r *
3* Speed > The h e a t i n g  r a t e  co u ld  be im proved  s l i g h t l y  
by t h e  u s e  of  20 amps,  f o r  t h e  h e a t i n g  c u r r e n t ,  b u t  t h e  t i m e  
i n v o l v e d  a t  p r e s e n t  i s  c o n v e n i e n t  a s  t h e  e x p e r i m e n t  c an  be 
c o n d u c t e d  in  a s i n g l e  morning or  a f t e r n o o n ,  w h i l e  f a s t e r  h e a t i n g  
o r  c o o l i n g  r a t e s  may i n c r e a s e  t h e  damage o f  s p e c im e n s  due to  
d i f f e r e n t i a l  e x p a n s i o n ,  e t c .
4« Damage to  Specimens  u s u a l l y  o c c u r s  d u r i n g  h e a t i n g
of  p r e v i o u s l y  u n h e a t e d  s p e c im e n s ,  b u t  i s  n o t  v e ry  f r e q u e n t .
Some spec im ens  e x p lo d e  a t  t e m p e r a t u r e  r a n g e s  be tw ee n  ab o u t  
o350-400 C• and may d i s t u r b  t h e  o r i e n t a t i o n  o f  s p e c im e n s  on 
t h e  same s h e l f *  I t  i s  p o s s i b l e  t h a t  t h e s e  e x p l o s i o n s  a r e  
due t o  i n t e r g r a n u l a r  w a t e r ,  i n  which c a s e  s lo w e r  i n i t i a l  h e a t i n g  
may d r i v e  o f f  t h i s  w a t e r  s l o w ly  and p r e v e n t  an e x p l o s i o n .
5• C o n t r o l  o f  t h e  I n t e r n a l  M agne t i c  F i e l d  may n o t  
be s u f f i c i e n t l y  a c c u r a t e  when f e r r o m a g n e t i c  o b j e c t s ,  such  as  
n i t r o g e n  c y l i n d e r s ,  a r e  moved i n  t h e  v i c i n i t y  of  t h e  f u r n a c e ,  o r  
d u r i n g  t h e  t e m p e r a t u r e  r i s e  i n  t h e  c o i l s  when t h e  h e a t i n g  j a c k e t  
i s  removed.  T hese  d i f f i c u l t i e s  may be r e d u c e d  by t h e  u se  o f  
p i c k - u p  c o i l s  n e a r  t h e  f u r n a c e ,  a l t h o u g h  t h e s e  may o b s t r u c t  
a c c e s s  and be i n e f f i c i e n t  due t o  i n d u c t i o n  e f f e c t s .
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Chapter 3
THE ADEN PENINSULA
3*1 Introduction and Summary
Aden Colony consists of a peninsula and a small part 
of the Arabian mainland« The town of Aden is situated at the 
foot of a volcano which comprises most of the peninsula«
The mainland in the immediate vicinity of Aden Colony is the 
Aden Protectorate, which consists of a desert extending to 
the foor of a series of steep scarps where the old rocks of 
the Arabian Massif are exposed*
Sampling was undertaken in Aden Colony at the 
suggestion of E« Irving, and all subsequent work on the samples 
was done under his direct guidance« The work discussed here 
has been published as a joint article (irving and Tarling 196l)• 
Unfortunately muph of the data was lost in the fire of July 
I960, but sufficient was preserved for a more detailed account 
to be given here than was given in the published description®
A total of 54 samples were obtained from 9 sites, in 
lavas and 3 sites in an intrusive plug« The precision of the
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r e s u l t s  i s  ve ry  good,  and t h e  r o c k s  a r e  shown t o  be v e r y  s t a b l e *  
A l l  t h e  l a v a  s i t e  d i r e c t i o n s  a r e  r e v e r s e d  by 180° f rom t h e  
i n t r u s i v e  s i t e s ,  and t h e  o v e r a l l  mean d i r e c t i o n  d i v e r g e s  s i g ­
n i f i c a n t l y  f rom t h e  a x i a l  d i p o l e  f i e l d »  The p o l a r i t i e s  
o b s e r v e d  t a k e n  w i t h  t h e  g e o l o g i c a l  e v i d e n c e  s u g g e s t  a l a t e  
P l i o c e n e - e a r l y  P l e i s t o c e n e  age  f o r  t h e  l a v a s ,  and a P l e i s t o c e n e  
age  f o r  t h e  i n t r u s i v e  p l u g .  The d e v i a t i o n  f rom t h e  a x i a l  
d i p o l e  f i e l d  i s  t h o u g h t  t o  i n d i c a t e  a  r o t a t i o n  of  t h e  Aden 
r e g i o n ,  and i f  t h i s  r o t a t i o n  i s  e x t e n d e d  t o  i n c l u d e  t h e  A r a b ia n  
M a s s i f  b u t  n o t  t h e  A f r i c a n  r e g i o n ,  t h e n  r o t a t i o n  i s  c o n s i s t e n t  
w i t h  t h e  h y p o t h e s i s  t h a t  t h e  Red Sea  o r i g i n a t e d  by d i l a t a t i o n ,  
a l t h o u g h  d a t a  i s  r e q u i r e d  f rom  A f r i c a  and A r a b i a  t o  s u b s t a n t i a t e  
t h e s e  r e s u l t s .  However,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  such  
s m a l l  movements a r e  d e t e c t a b l e  by s t a n d a r d  p a l a e o m a g n e t i c  
m e t h o d s •
3 »2 The Red Sea  and t h e  Geology of  Aden
A d e p r e s s i o n  i n  t h e  Red Sea  r e g i o n  a r e a  i s  known t o  
have  o r i g i n a t e d  i n  t h e  O l ig o c e n e  as  B a l l  (1939) and Hume 
(1925 -37 )  have  t r a c e d  a f r e s h w a t e r  l a c u s t r i n e  l i m e s t o n e  of  
t h i s  age f rom P a l e s t i n e  t o  A b y s s i n i a .  T h i s  d e p r e s s i o n  deepened  
i n  t h e  Miocene ,  a l l o w i n g  t h e  d e p o s i t i o n  o f  a  m a r ine  l i m e s t o n e  
i n  s o u t h - e a s t  E g y p t .  Gregory  ( l 9 2 l )  c o n s i d e r e d  t h a t  t h e  Red 
S ea  f a u l t i n g  commenced i n  t h e  M iocene ,  and c o n t i n u e d  i n  t h e  
P l i o c e n e *  R e c e n t  work h a s  shown a more complex p i c t u r e .
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In the Sinai area, the faulting began in the Oligocene, 
reaching a maximum in the Miocene, and continuing later on 
a reduced scale (Robson 1959)• The Gulf of Aqaba shows 
faults which have been cut by newer faults of the late 
Pliocene-Pleistocene period (Mitchell 1959), while in the 
Gulf of Suez the faulting originated in the Lower Eocene, 
and has continued into the Pleistocene (Tromp 1950)* The 
faulting in Eastern Ethiopia started as early as the Eocene, 
and the main rift faults may have had an even earlier origin 
(Clift 1956).
The relationship of Rift Valleys to vulcanicity 
is obvious on a continental scale, but in detail it has proved 
very difficult to obtain a relationship between the amount and 
location of the lava extruded, and the position and degree of 
faulting. In the West Aden Protectorate such correlation is 
hampered because there are no known eruptive vents (Wissmann 
et al 1942, Jaques 1952), and although such vents have been 
observed from the air in the Eastern Aden Protectorate, they have 
never been visited on the ground by a geologist. Five main 
outcrops of ’Younger Volcanics' are known in the Western Protect­
orate (Fig* 3-i» inset). In most cases the relationship with 
the underlying strata is obscured by Recent unconsolidated sands, 
but where exposed, they are unconformable upon Cretaceous and 
Jurassic limestones and volcanics, the latter being known as
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t h e  ’O l d e r  V o l c a n i c s ' «  These  ' O l d e r  V o l c a n i c s '  a r e  o f t e n
o
f a u l t e d  and t i l t e d  n o r t h w a r d s  e . g .  by d i p s  o f  30 i n  t h e  D a la  
r e g i o n •
The Aden P e n i n s u l a  c o n s i s t s  o f  a p a r t i a l l y  e ro d e d  
d o u b l e - v o l c a n i c  cone ,  w hich  i s  c o n n e c t e d  t o  t h e  m a in l a n d  of  
A r a b i a  by a nar row s t r i p  o f  Recen t  u n c o n s o l i d a t e d  sand ( P i g . 3 - i ) .  
The cone i s  composed of  s e r i e s  o f  t r a c h y t i c - a n d e s i t i c  l a v a  
f l o w s  i n t e r c a l a t e d  w i t h  t u f f s ,  a g g l o m e r a t e s  and p y r o c l a s t i c s , 
which  a r e  i n t r u d e d  by a t  l e a s t  one t r a c h y t i c  p l u g .  T h i s  
c o m p o s i t i o n  conforms w i th  t h a t  of  t h e  'Y ounger  V o l c a n i c s '  
w i t h i n  t h e  P r o t e c t o r a t e  ( J a q u e s  1 9 5 4 ) .  Macmahon (1883) 
i d e n t i f i e d  some rock  sam p les  f rom t h e  P e n i n s u l a  a s  b a s a l t i c ,  
b u t  t h i s  a p p e a r s  t o  be i n c o r r e c t .
The main c r a t e r  i s  t h o u g h t  t o  be i n  t h e  e a s t e r n  
c e n t r a l  a r e a ,  w i t h  S p io n  Kop as  t h e  c e n t r a l  ' c o n e '  w i t h i n  a 
c a l d e r a  fo rm of  a r r e t e s .  The r o c k s  exposed  i n  t h e  a r r £ t e s  
show q u a q u a v e r s a l  d i p s ,  a l t h o u g h  t h e y  a r e  h i g h l y  e r r a t i c  i n  
d e t a i l .  A second  c r a t e r  was i d e n t i f i e d  by Wissmann e t  a l  
( l 9 4 2 )  i n  t h e  M a ' a l a  r e g i o n .  O u t s i d e  t h e  main c r a t e r ,  
m a ss iv e  l a v a  f l o w s  have f i l l e d  p r e - e x i s t i n g  v a l l e y s  cu t  i n t o  
e a r l i e r  f l o w s  and p y r o c l a s t i c s • These  l a t e r  l a v a s  a r e  o f t e n  
f l o w - b a n d e d  and j o i n t e d  on a p s e u d o - s y n c l i n a l  p a t t e r n .  They 
a l s o  t e n d  t o  become t h i n n e r  away f rom t h e  c r a t e r  a r e a ,  and a r e  
f a u l t e d  on a minor  s c a l e ,  showing h a d e s  of  o n ly  a few f e e t ,
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often with narrow dykes following the fracture plane. The 
sequence is intruded locally by trachytic plugs, which have 
usually disturbed the bedding of the lavas in their vicinity.
3*3 Sampling
Fifteen samples were obtained from 3 sites in a 
trachytic plug in Gold Mohur Bay (Sites 1-3, Fig. 3-i).
Twenty samples were obtained from four sites (4-7) in the 
Knusaf valley massive lava flows, and a further 17 samples 
were obtained from four sites (9-12) in lavas in the Hokat 
Bay region. One site (8) was sampled (2 samples) in a flow- 
banded lava at Ras Qatam. Several attempts were made to 
obtain fresh samples from lavas exposed in the cliff faces 
of the arrgtes, but all lavas in these exposures appeared 
weathered in hand specimens.
3.4 Falaeomagnetic Results
As the initial directions are the same as those 
after treatment in all alternating field strengths up to 900 oe. 
(peak) (Section 3.4 and 1.8), it is concluded that the analysis 
Of directions at an untreated, i.e. initial, level will be the 
same as that of a similar analysis at any given alternating field 
strength, and it is the initial results which are described here 
and later discussed. All specimen intensities and directions 
are given in Appendix 2(a) and the directions are plotted in 
Figure 3-ii• Site directions are given in Table 3-1 and plotted
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S i t e
No.
No.
Samples
No.
S p e c s . D I R k a
P o l e
L a t .L o n g  <
1 5 15 354 + 18 14-74 53 6 84N 76W
2 5 15 343 + 25 14-53 30 7 74N 43W
3 5 15 353 +21 1 4 .6 9 45 6 83N 60W
4 5 15 176 - 2 2 1 4 .7 7 61 5 86S 119E
5 5 15 174 - 1 8 14 .5 3 27 7 84S 104E
6 5 15 179 - 2 9 14.61 36 6 87S 1 52W
7 5 15 174 - 2 5 1 4 .8 6 94 4 84S 139E
8 2 10 1 58 - 4 0 9-96 214 3 67S 1 60E
9 5 12 172 - 2 3 11 .83 66 5 82S 129E
10 6 15 178 -31 1 4 .9 0 137 2 86S 1 67W
11 3 10 180 -1 7 9 .8 0 71 5 86S 50E
12 3 10 174 - 2 0 9.87 68 6 84 S 114E
T a b l e  3-1 S i t e  Mean D i r e c t i o n s  and P o l e s
C a l c u l a t e d  g i v i n g  e q u a l  w e ig h t  t o  each  spec im en  
A l l  r e s u l t s  a r e  u n t r e a t e d ,  i* e»  i n i t i a l
S i t e s  D I R k a
P o le
L a t .L o n g
'Normal* s i t e s 3 350 .3 +21 .3 2 .9 9 158 9 .8 80N 54W
' R e v e r s e d '  s i t e s 9 174.1 - 2 4 . 9 8.91 86 5 * 6 84S 139E
#
A l l  s i t e s 12 353.1 + 2 4 .0 11 .89 96 4 .4 83N 46W
T a b l e  3 -2  Mean Aden D i r e c t i o n s  and P o l e s
C a l c u l a t e d  g i v i n g  e q u a l  w e i g h t  t o  each  s i t e  
A l l  r e s u l t s  a r e  u n t r e a t e d ,  i . e .  i n i t i a l *
* i r r e s p e c t i v e  o f  s i g n
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in  F i g u r e  3 - i i i *
A l l  specimens from s i t e s  1 -3  were found t o  have 
’normal'  m a g n e t iz a t i o n ,  w i th  d e c l i n a t i o n s  west of  t r u e  North 
and i n c l i n a t i o n s  low and p o s i t i v e ,  w hi le  specimens from s i t e s  
4 -1 2  had a ' r e v e r s e d '  m a g n e t i z a t i o n ,  with  d e c l i n a t i o n s  e a s t  
of  s o u th ,  and low n e g a t i v e  i n c l i n a t i o n s .  Both p o l a r i t i e s  are  
of h igh  p r e c i s i o n ,  a l th ou gh  th e  s c a t t e r  i s  s l i g h t l y  l a r g e r  in  
th e  'normal'  group than  i n  t h e  ' r e v e r s e d ' *  Two spec imens
(An 4 4 a l  and 4 4 b l ) , both  ta k e n  from th e  same sample from s i t e  
9, show d i r e c t i o n s  away from th e  two main groups ,  and t h i s  i s  
thought  t o  be due t o  an o r i e n t a t i o n  error»  These two d i r e c t i o n s  
have been g ive n  i n  Appendix 2a,  and p l o t t e d  with  a l l  o th e r  
spec imen  d i r e c t i o n s  on an e q u a l - a r e a  net (Fig* 3 - i i ) ,  but they  
have not been used in  the  a n a l y s i s  of  th e  d ata  which f o l l o w s *  
( a l th o u g h  t h e i r  i n c l u s i o n  would not  a l t e r  the  f i n a l  r e s u l t s ) •
The d i f f e r e n c e  between the  mean 'normal'  d i r e c t i o n
and th e  mean ' r e v e r s e d '  d i r e c t i o n  (Table  3 -2 )  c o n s id e r e d
o
i r r e s p e c t i v e  o f  s i g n ,  i s  5 • Th is  i s  w i t h i n  th e  e s t i m a t e  of  
p r e c i s i o n  of  th e  i n d i v i d u a l  mean d i r e c t i o n s ,  so th e  r e v e r s a l  
i s  e x a c t ,  i . e *  1 8 0 ° .  The i n c l i n a t i o n  o f  t h e  o v e r a l l  mean 
d i r e c t i o n  (+ 24*0) ,  c o n s id e r e d  i r r e s p e c t i v e  of  s i g n ,  i s  very  
c l o s e  to  t h a t  o f  th e  p r e s e n t  a x i a l  d i p o l e  f i e l d  (+ 2 4 * 4 ) ,  but  
t h e  d e c l i n a t i o n  shows a marked d iv e r g e n c e  ( 6 . 9 ° )  from t h e  
a x i a l  d i p o l e  f i e l d *  The e r r o r  in  t h e  e s t i m a t i o n  o f  t h e
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d e c l i n a t i o n  i s  3*0° ( e r r o r  = a sec  i ) , u s in g  th e  d ata  g i v i n g  
eq u a l  weight  t o  each specim en,  so th a t  t h i s  d e v i a t i o n  in  
d e c l i n a t i o n  i s  s i g n i f i c a n t .  I t  appears  t h a t  a s a f e  e s t im a t e  
of the d iv e r g e n c e  from geo g ra p h ic  North would be 7 -  4°W.
3» 5 D em agn et iza t ion  and S t a b i l i t y
Seven p i l o t  spec imens were s u b j e c t e d  t o  p a r t i a l  
d e m a g n e t iz a t io n  in  v a r i o u s  a l t e r n a t i n g  f i e l d s  up to  900 oe«
(peak) ( S e c t i o n  1 . 8 ) .  The i n d i v i d u a l  i n t e n s i t i e s  and 
d i r e c t i o n s  are g i v e n  in  Appendix 2(b)»  The d i r e c t i o n s  are  
so s i m i l a r  at  a l l  a p p l i e d  f i e l d s  t h a t  th e y  are not p lo t t e d *
The i n t e n s i t i e s  (Fig* 3 - i v )  i n  t h e  ' r e v e r s e d '  p i l o t  specimens  
i n c r e a s e s  s l i g h t l y  at f i r s t ,  and th e n  drops s lo w ly  to  a 
maximum i n t e n s i t y  at  about 300 o e .  (p e a k ) .  The 'normal'  
specimens  d e c r e a se  s lo w ly  t o  th e  mimimum i n t e n s i t y  a l s o  at  
about 300 o e .  ( p e a k ) •
The behaviour o f  t h e  d i r e c t i o n s  s u g g e s t  t h a t  any 
u n s t a b l e  component which may be p r e s e n t  i s  t o o  small  to  a f f e c t  
the  i n i t i a l  NRM d i r e c t i o n s  and the  i n t e n s i t y  behav iour  s u g g e s t s  
t h a t  t h e r e  i s  on ly  a very  smal l  low c o e r c i v i t y  component p r e s e n t .  
3*6 I n t e n s i t y  o f  M a g n e t iz a t io n
The average  i n t e n s i t i e s  (Table  3~3) of  NRM are  
almost  t w i c e  as high in the  ' r e v e r s e d '  samples  as i n  the  
'normal'* This  s u g g e s t s  t h a t  any 'n orm al ly '  d i r e c t e d  s e c ­
ondary components i n  the  ' r e v e r s e d '  samples must be smal l  as
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H /v peak oersteds
Figure 3 - iv
A,C. demagnetization of n r m
M Is the observed Intensity tdo ’• *1*® Initial Intensity
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t h e s e  w i l l  d e c r e a s e  t h e  o b s e r v e d  i n t e n s i t y  of t h e s e  s a m p le s ,  
and i n c r e a s e  t h a t  of  t h e  'n o rm a l '®  The d i f f e r e n c e  p o s s i b l y  
r e f l e c t s  a  d i f f e r e n c e  i n  c o m p o s i t i o n  o r  s t r u c t u r e  of  t h e  
f e r r o m a g n e t i c  m i n e r a l s  ( t h e  t r a c h y t i c  p lu g  would p r o b a b l y  
c o o l  more s lo w ly  t h a n  t h e  l a v a s )  o r  i t  m igh t  i n d i c a t e  a 
s t r o n g e r  f i e l d  a t  t h e  t i m e  t h e  ' r e v e r s e d '  r o c k s  a c q u i r e d  
t h e i r  m a g n e t i z a t i o n  compared w i t h  t h e  ' n o r m a l '  f i e l d ®
P o l a r i t y S p ecs  ® M
Normal 45 3*97
R ev e r s ed 120 7®24
A l l  spec® 1 65 6 «35
T a b l e  3-3  Average  I n t e n s i t y
M i n  e®m®u®/cm3x 10*
3 ®7 A n i s o t r o p y  of  TRM
F o u r  spec im ens  were g i v e n  a TRM i n  t h e  l a b o r a t o r y  
by h e a t i n g  above 650 C® ( t h e  a c t u a l  f i g u r e  i s  n o t  known a s  
d a t a  f o r  t h i s  e x p e r i m e n t  was l o s t  i n  t h e  f i r e )  and a l l o w i n g  
them t o  c o o l  i n  t h e  E a r t h ' s  m a g n e t i c  f i e l d  ( l l ® 3 ,  - 6 5 * 0 ,  0®59 o e ) • 
Only one a c q u i r e d  d i r e c t i o n  i s  known ( s p e c im e n  AN 2 5 c l  f rom 
s i t e  11) and t h i s  ( 1 1 , - 5 8 )  d e v i a t e s  by 7° f rom t h e  a p p l i e d  
f i e l d ®  I t  i s  known t h a t  t h e  o t h e r  spec im en  d i r e c t i o n s  d id  
n o t  exceed  t h i s  d e v i a t i o n  by a s i g n i f i c a n t  amount,  and i t  i s  
t h o u g h t  t h a t  t h e y  d i d ,  i n  f a c t ,  show much l e s s  d e v i a t i o n .
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This direction is close to the experimental limits and suggests 
that although anisotropy may be present, it is unlikely to 
affect the mean directions by an amount greater than the errors 
in their determination*
3 «8 Isothermal Remanent Magnetization
Nine specimens were given an IRM in the laboratory 
(Section 1*8) and the intensity of maximum remanence (M ),w&X
the field required to produce M (H ), and the coercivity—max max
of maximum remanence (H ) are given in Table 3-4* Thecr
Site Spec • No. Hcr M—max Hmax
Normal
1 2a1 580 1360 4000
2 4a1 450 278 2500
3 9b 1 280 422 2500
Reversed
5 18a1 520 713 5000
7 12b1 280 1300 2400
8 34b1 360 710 4000
9 31a1 460 222 4600
11 27 a1 490 605 5000
12 30a1 260 668 2500
Table 3-■4 IRM Properties
M in e* m.u •/ icm x i o 3 H in
70
3-9
c o e r c i v i t y  o f  maximum remanence  i s  h i g h  and t h i s  would  s u g g e s t  
h ig h  s t a b i l i t y .  T h e re  d o es  n o t  a p p e a r  t o  be any marked 
d i f f e r e n c e  i n  IRM p r o p e r t i e s  b e tw e e n  t h e  ' n o r m a l '  and ' r e v e r s e d '  
s p e c i m e n s •
3 *9 D i s c u s s i o n  : Age
Most g e o l o g i c a l  e s t i m a t e s  o f  t h e  age of  t h e  Aden 
P e n i n s u l a  a r e  P l e i s t o c e n e  o r  R e c e n t .  The p r e s e n c e  of  
' r e v e r s e d '  m a g n e t i z a t i o n  i n  t h e  l a v a s  s u g g e s t s  t h a t  t h e  main 
cone  was b u i l t  d u r i n g  t h e  L a t e  P l i o c e n e  -  E a r l y  P l e i s t o c e n e  
( S e c t i o n  16• 5) and t h a t  t h e s e  l a v a s  were s u b s e q u e n t l y  i n t r u d e d  
by a t  l e a s t  one t r a c h y t i c  p l u g  s i n c e  t h e  m idd le  Lower P l e i s t ­
ocene  *
3•10  D i s c u s s i o n  : Mean D i r e c t i o n  and T e c t o n i c s
The d e v i a t i o n  o f  t h e  o b s e r v e d  mean d e c l i n a t i o n  (7-4°W) 
f rom t h a t  o f  t h e  g e o c e n t r i c  a x i a l  d i p o l e  c o u l d  be a c c o u n t e d  f o r  
i n  t h r e e  ways
(a)  The E a r t h ' s  m a g n e t i c  p o l e  was d i s p l a c e d  f rom i t s  p r e s e n t  
p o s i t i o n  and f rom  t h a t  o f  t h e  g e o c e n t r i c  a x i a l  d i p o l e  a t  t h e  
t i m e  of  f o r m a t i o n  of  t h e  Aden P e n i n s u l a *
(b) The Aden P e n i n s u l a  has  r o t a t e d  r e l a t i v e  t o  t h e  E a r t h ' s  
m a g n e t i c  f i e l d  a t  t h a t  t i m e .
(c)  A r a b i a ,  w i t h  t h e  Aden P e n i n s u l a ,  ha s  r o t a t e d  r e l a t i v e  
t o  t h e  E a r t h ' s  f i e l d  a t  t h a t  t i m e .
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The palaeomagnetic pole calculated from the Aden data 
(83N 46W) is significantly displaced from the geographic pole 
and this could arise if secular variation has not been averaged 
out in the calculation of the mean direction* However, 54 
samples are involved, from 12 sites in both 'normal' and 
'reversed' rocks, and Aden is in an unstable area, as shown 
by the seismic disturbances and recent vulcanicity associated 
with Rift Valley structures. It would seem reasonable, 
therefore, that this deviation can be interpreted in terms of 
rotation of the locality of sampling.
There is no evidence for a rotation of the Aden 
Peninsula relative to a stationary Afro-Arabian block. The 
area in the immediate vicinity is covered by desert sands or 
the sea, but the amount of faulting within the Peninsula is 
only on a minor scale, and such large movements of the 
Peninsula relative to Arabia would be expected to have 
produced more marked structural features within the Peninsula. 
However, the possibility that Aden Peninsula alone has 
rotated cannot be ignored.
If Aden is assumed 'fixed' to Arabia, and the 
Arabian block is rotated relative to a stationary Africa by 
an amount sufficient to close the Red Sea (Fig* 3-v), then 
such rotation is sufficient to account for the divergence 
observed in the declination. Such a rotation appears to
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AFRICA
SOO IOOO
A PO SSIBLE RECONSTRUCTION OF THE ADEN AREA 
AT THE TIME OF FORMATION OF THE YOUNGER VOLCANICS.
F ig u r e  3 -v
)e co s i s  ;eolo i ; e o p h y s i c a l  e v i d e n c e
v -- 3 ; . 3, 9 5 3 »1962,  Cai jy 195 )
, 'hich iin l i c - s  a r o t a t i o n  a b o u t  a  p o i n t  i n  s o u t h e r n  S y r i a *
The o v e r l a p  oi l a u d  („ i  3~vj i s  ex l a i n n . b l e  i n  t e r m s  of  
t h e  Q u a t e r n a r y  v o l c a n i c  r o c k s  i n v o l v e d  w hich  were e x t r u d e d  
i t e r  t h e  d i l a t a t i o n  o f  t h e  Red Sea*
The a c t u a l  c l o s u r e  of  t h e  Red Sea  c a n n o t  be done 
a c c u r a t e l y  f rom t h e  p a l a e o m a g n e t i c  e v i d e n c e  a s  t h e  p o s s i b l e  
e r r o r s  a r e  l a r g e  f o r  such  r e c e n t  movements* I t  i s  n e c e s s a r y  
t o  o b t a i n  f u r t h e r  d a t a  f rom  A r a b i a  and A f r i c a  t o  d e t e r m i n e  
a c c u r a t e l y  be tw e e n  t h e  t h r e e  p o s s i b i l i t i e s  g i v e n ,  but  i t  i s  
i m p o r t a n t  t o  n o t e  t h a t  such  s m a l l  movements can be d e t e c t e d  
by p a l a e o m a g n e t i c  methods*
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Chapter 4
THE HAWAIIAN ISLANDS
4•1 Introduction and Summary
The Hawaiian Archipelago consists of a chain of 
volcanic islands, reefs and shoals stretching some 2,600 km* 
along a north-west to south-east arc» The bathymetry shows 
that the Hawaiian Chain is intersected by the Mid-Pacific 
Mountains in the region of Necker Island, and Hamilton (1956) 
concludes that the two regions are genetically linked*
A fuller description of the Hawaiian Chain is given in 
Chapter 18»
The largest islands all lie at the south-eastern end 
of the arc (Fig* 4-i), and it is five of these main islands 
which were sampled during June-August 1961* Doell sampled 
formations on the island of Hawaii earlier in the same year 
and these results have since been published (Doell and Cox 1961a)•
In order to avoid confusion between the Hawaiian Chain, 
Ridge, Archipelago, Islands, etc» and the island of Hawaii, 
the largest island of the Group, the island is referred to as
74
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' t h e  i s l a n d  of  H a w a i i '  and t h e  t e rm  ' H a w a i i a n '  r e f e r s  t o  t h e  
Group a s  a  whole*
A t o t a l  o f  164 sam p les  have been  o b t a i n e d  f rom 59 
s i t e s  i n  5 i s l a n d s .  The g e o l o g y  of  t h e s e  i s l a n d s ,  and a l s o  
o f  t h r e e  i s l a n d s  n o t  sam p led ,  i s  g i v e n  f i r s t  t o  form a back ­
g ro u n d  t o  t h e  r e s u l t s  and t h e i r  i n t e r p r e t a t i o n *  I t  i s  found  
t h a t  t h e  s i t e  d i r e c t i o n s  a r e  n e a r  t o  t h e  p r e s e n t  E a r t h ' s  f i e l d  
d i r e c t i o n ,  o r  a n t i p a r a l l e l  t o  i t ,  t h e  number of  ' r e v e r s e d '  
s i t e s  b e i n g  ab o u t  t w i c e  t h e  number o f  ' n o r m a l '  s i t e s *  The 
mean of  s i t e  d i r e c t i o n s  i s  c l o s e r  t o  t h e  a x i a l  g e o c e n t r i c  d i p o l e  
f i e l d  i n  Hawai i  t h a n  t o  e i t h e r  t h e  i n c l i n e d  g e o m a g n e t i c  d i p o l e  
o r  t h e  p r e s e n t  E a r t h ' s  m a g n e t ic  f i e l d  d i r e c t i o n .  T h i s  s u g g e s t s
t h a t  t h e  E a r t h ' s  m a g n e t i c  f i e l d  i n  H aw ai i  a v e r a g e s  t o  t h a t  of
(0
a g e o c e n t r i c  a x i a l  d i p o l e  d u r i n g  t h e  l a s t  few 10 y e a r s ,  as  
h a s  b e e n  found  p r e v i o u s l y  f o r  o t h e r  a r e a s .  The c i r c u l a r  s t a n d a r d  
d e v i a t i o n  of  t h e  s i t e  means i s  5*5°* The s t r a t i g r a p h i c a l  
s i g n i f i c a n c e  o f  t h e  r e v e r s a l s  i s  d i s c u s s e d  ( S e c t i o n  4—139 and 
t h e  mean d i r e c t i o n s  a r e  examined i n  c o n n e c t i o n  w i t h  t h e  a x i a l  
d i p o l e  model o f  t h e  E a r t h ' s  m a g n e t i c  f i e l d  ( S e c t i o n  4 -1 4 )*
The r e s u l t s  f o r  s e c u l a r  v a r i a t i o n  and p o s s i b l e  r e v e r s a l  o f  t h e  
E a r t h ' s  f i e l d  a r e  d i s c u s s e d  i n  C h a p t e r s  15 and 16*
4 *2 Geology : G e n e r a l  P o i n t s
The g e o l o g y  of  t h e  H aw ai ian  I s l a n d s  ( S t e a r n s  1946) 
h a s  b e e n  t h e  s u b j e c t  o f  many a r t i c l e s ,  and t h e  main r e f e r e n c e s
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Kahoolawe Maui Hawaii Island
VOLCANIC FORMATIONS
other Bulletins of the Hydrography Division.
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1) Submarine; This stage consists of the building of a dome
from the sea floor - the composition is basaltic with 
large amounts of tuffaceous material*
2) Subaerial dome; The dome is built up from sea level -
the composition remains similar but there is less tuff*
3) Caldera formation; Collapse at the summit of the dome,
and often along the major rifts - basaltic lavas tend 
to be 'ponded' within the collapse structures.
4) Caldera filling; The caldera fills and overflows the
original dome -the composition changes, becoming 
more felspathic, and eruption becomes more spasmodic*
The degree of differentiation appears to be inversely 
proportional to the frequency of eruption*
5) Erosion; Erosion predominates, although there may be
isolated activity. Reef develops around the coastline-
6) Submergence*
7) Secondary eruption; These are predominantly of nepheline-
rich lavas, and peridotite inclusions are common*
8) Planation and Atoll Development.
Table 4-2 Hypothetical Stages in the Development of Hawaiian
Volcanoes after Stearns (1946)»
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which are used in this description are a series of Bulletins 
published by the Hawaiian Hydrographic Office* These Bulletins 
are referenced at the beginning of the description of the 
geology of each island* If other sources have been used, 
they are referenced within the text*
A probable correlation table of the igneous rock 
series, and most formations, is given in Table 4-1• This is 
based on the geological evidence and is discussed later in 
terms of recent radio-isotope dates (Section 4*5) and in terms 
of 'reversals' of magnetization (Section 4-13), but it is given 
here as a background to the description of the individual 
islands *
Each volcano in the Chain has its own special history, 
but there appears to be a general sequence (Table 4-2) through 
which most of them pass, all stages of which may not be present 
in each volcano. Mauna Loa, Kilauea (both on the island of 
Hawaii), West Molokai and Lanai are at present in stage 2 
(there has been some caldera collapse on Lanai, and considerable 
collapse structures in West Molokai, but these collapse 
structures are part of stage 3), West Maui, East Molokai and 
Kohala (island of Hawaii) all appear to be in stage 4, while 
East Maui, East Oahu, Kahoolawe, West Oahu, Kauai and Niihau 
are all in stage 7» Midway Island, the Gardner Pinnacles, etc* 
are all examples of Stage 8*
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Many d e t a i l e d  s t u d i e s  have been  made of  t h e  p e t r o l o g y  
o f  H aw a i ia n  r o c k s  -  Macdonald ( 1 9 4 9 ) ,  N i g g l i  ( 1 9 4 9 ) ,  Powers  
(1955) e t c » ,  -  and d e t a i l e d  s t u d i e s  a r e  s t i l l  i n  p r o g r e s s  
( T i l l e y  and Scoon 1961,  Muir  and T i l l e y  196 1 ) •  The main 
r o c k  t y p e  i s  b a s a l t .  T h i s  i s  d e f i n e d ,  e s s e n t i a l l y ,  on t h e  
p r e s e n c e  o f  l a b r a d o r i t e '  o r  b y to w n i t e *  In  t h e  l a t e r  s t a g e s  
o f  t h e  v o l c a n o e s ,  t h e  p r e s e n c e  o f  o l i g o c l a s e  o r  a n d e s i n e  i s  
more common, and t h e s e  r o c k s  a r e  r e f e r r e d  to  a s  a n d e s i t e s  o r  
h a w a i i t e s .  (A d i s t i n c t i o n  s h o u ld  be made be tw ee n  t h e s e  
' o c e a n i c 1 a n d e s i t e s  and t h e  ' c o n t i n e n t a l '  t y p e  o f  a n d e s i t e ;  
t h e  o l i g o c l a s e  a n d e s i t e  i s  more s t r i c t l y  t e rm e d  ' m u g e a r i t e '
(Muir  and T i l l e y  1 9 6 l ) . )  T r a c h y t e  o c c u r s  as  a  v e r y  l a t e  s t a g e  
d i f f e r e n t i a t e ,  and i s  d e f i n e d  on t h e  o c c u r r e n c e  o f  a l k a l i  
f e l d s p a r .  S e c o n d a ry  e r u p t i o n s  o c c u r r i n g  i n  S t a g e  7 a r e  o f t e n  
c h a r a c t e r i s e d  by n e p h e l i n e  r i c h  b a s a l t s .
4 0  g e o l o g y  : I n d i v i d u a l  I s l a n d s
The I s l a n d  o f  Hawai i  ( S t e a r n s  and Madonald  1946 ,  
Macdona ld  1947)«  A l th o u g h  I  d i d  n o t  o b t a i n  sam p les  from t h i s  
i s l a n d ,  a  b r i e f  d e s c r i p t i o n  i s  g i v e n  i n  o r d e r  t o  fo rm a back ­
g ro u n d  t o  p a l a e o m a g n e t i c  work on o t h e r  i s l a n d s ,  and t o  t h e  
r e s u l t s  r e p o r t e d  by D o e l l  and Cox ( 1 9 6 1 a ) • The i s l a n d  i s  
a l s o  o f  i n t e r e s t  as  i t  c o n t a i n s  t h e  o n ly  a c t i v e  v o l c a n o e s  
i n  t h e  c h a i n *  The i s l a n d  (1 0 ,8 4 1  km2) c o n s i s t s  o f  f i v e  
v o l c a n o e s  ( F i g .  4 - i )  -  Mauna Kea ( 4 , 2 0 2  m*) ,  Mauna Loa (4 ,1 7 0  m. ) ,
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Hualalai (2,516 m»), Kohala (l,678 in.) and Kilauea (l, 232 ra.). 
Mauna Loa and Kilauea are still active, with Mauna Loa producing 
a lava flow approximately every six years, although flows are 
less common from the Kilauea volcano. Hualalai was active in 
1800-1801, but has since been dormant. Mauna Kea and Kohala 
have not been active during historic times, and the Kohala 
volcano is thought to have become extinct at the end of the 
Pliocene•
The Kohala volcano is subdivided (Table 4-l) into 
the Hawi and Pololu Series, and Mauna Loa is subdivided into 
three Series - Kau, Kahuku and Ninole. Mauna Kea is sub­
divided into the Laupahoehoe and Hamakua Series, and Kilauea 
consists of the Puna and Hilina Series. The Hualalai volcano 
has not been subdivided*
Maui (Stearns and Macdonald 1942) (l,958 km2) is formed
of two volcanoes, East and West Maui (Fig* 4-ii)• West Maui,
rising to 1,765 m., is the older* East Maui, rising to 3,056 m.,
is more extensive, and the flows on the western flank, with some
sediments, form the Isthmus between the two volcanoes. East
Maui is distinctive in having a very large summit depression,
2900 m. deep, and c. 50 km in area. This depression, Haleakala, 
is often quoted as one of the largest calderas in the world, but 
is in fact, due to erosion rather than caldera collapse. Three 
separate units have been distinguished in each volcano.
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The o l d e s t  u n i t  i n  E a s t  Maui i s  t h e  Monomanu S e r i e s ,  
w hich  c o n s i s t s  of  t h i n - b e d d e d  b a s a l t s .  T h i s  i s  o v e r l a i n  
c o n fo rm a b ly  by t h e  Kula S e r i e s ,  which i s  fo rm ed  of  t h i c k  
a n d e s i t i c  o l i v i n e  b a s a l t s ,  and p i c r i t e s  o c c u r  w i t h i n  t h e  
s e q u e n c e .  A l o n g  q u i e s c e n t  p e r i o d  p r e c e e d e d  t h e  e r u p t i o n  
o f  t h e  Hana S e r i e s ,  which i s  fo rm ed  of  l a v a s  v a r y i n g  i n  
c o m p o s i t i o n  f rom u l t r a b a s i c  t o  a n d e s i t e  w hich  a r e  r e s t r i c t e d  
t o  t h e  s o u t h - w e s t e r n  and e a s t e r n  r i f t  z o n e s .  On t h e  b a s i s  
of  H aw ai ian  l e g e n d ,  t h e  l a s t  f l o w s  were  i n  a p p r o x i m a t e l y  
1750,  R eber  ( 1 9 5 9 ) ,  u s i n g  m e thods ,  ha s  s u g g e s t e d  d a t e s  
f o r  t h e s e  l a s t  f l o w s  a s  l a t e  a s  1938 i n  t h e  Pimoe a r e a  -  
t h e  s o u t h - w e s t  c o r n e r  o f  E a s t  Maui -  b u t  S t e a r n s  (1962)  has  
p roved  t h e s e  f l o w s  t o  have been  p r e s e n t  a t  t h i s  d a t e .
In  West Maui,  t h e  dykes  a r e  a l l  r a d i a l ,  s u g g e s t i n g  
t h a t  t h i s  was more c e n t r a l  i n  e r u p t i o n  t h a n  most o t h e r  
H a w a i ia n  v o l c a n o e s ,  a l t h o u g h  r i f t  zones  a r e  s t i l l  p r e s e n t .
The main mass o f  t h e  v o l c a n o  i s  made up o f  b a s a l t s  of  t h e  
Wailuku  S e r i e s ,  which i n c l u d e s  an  i n t r a c a l d e r a  complex of  
d y k e s ,  b r e c c i a s ,  e t c .  T h i s  S e r i e s  i s  v e n e e r e d ,  e s p e c i a l l y  
i n  t h e  n o r t h  and n o r t h - e a s t ,  by t h e  a n d e s i t e s  and t r a c h y t e s  of  
t h e  Honolua S e r i e s .  A p e r i o d  of  e r o s i o n  t h e n  p r e c e e d e d  t h e  
e r u p t i o n  i n  t h e  s o u t h  and s o u t h - w e s t  of a  few f l o w s  of  p i c r i t e  
and n e p h e l i n e  b a s a n i t e  known a s  t h e  L a h a i n a  S e r i e s .
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Kahoolawe ( S t e a r n s  1940a)  (121 km2 ) r e a c h e s  a h e i g h t  
o f  455 m* I t  i s  u n i n h a b i t e d  and i s  used  a s  a bombing r a n g e •
The ro c k s  of  t h i s  i s l a n d  were no t  sampled® I t  c o n s i s t s  of  a
s i n g l e  v o l c a n i c  dome composed m a in ly  of  o l i v i n e  b a s a l t s ,  w i th  
a c a l d e r a —complex exposed  i n  t h e  n o r t h - e a s t .  F lows o c c u r r i n g  
a f t e r  t h e  f o r m a t i o n  of  t h e  c a l d e r a  i n c l u d e  a n d e s i t e s  and t h e r e  
have  been  f i v e  Recen t  e r u p t i o n s  of  b a s a l t  and a n d e s i t e  -  a l l  
of  w hich  a r e  c o n f i n e d  t o  t h e  c a l d e r a  r e a .
L a n a i  ( S t e a r n s  1940a)  (379 km? ) , l i k e  Kahoolawe,  
c o n s i s t s  of  a s i n g l e  v o l c a n i c  dome r i s i n g  t o  1 ,028  m. ( F i g .  4 - i i i ) . 
..'he f i s s u r e  e r u p t i o n s  which  fo rmed  t h e  i s l a n d  were  q u i e t  and 
v e r y  l i t  :;le p y r o c l a s t i c  m a t e r i a l  i s  a s s o c i a t e d  w i t h  them-
GEOLOGICAL OUTLINE &
SAMPLING SITES
V  L A N A I
K E Y
O S i t u  (Au . Reversed)
Sedimentary
sablv Pliocene 
r Pleistocene
L a n a i
S cale
ON STEARNS (IS4Q)
F i g u r e  4 - i i i
S5
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There has been collapse over the main three rift zones, but 
these depressions have not been filled by secondary eruptions 
as has occurred is most other islands. The island is in the 
rain-shadow area of Maui, and has developed a thick lateritic 
soil up to 20 m. thick. Lanai has been extinct longer than 
the other main Hawaiian islands - all the other islands which 
commenced eruption earlier have had later secondary activity.
Molokai (Stearns and Macdonald 1947) (699 km2) is 
formed of three volcanoes (Fig* 4-iv), Kalaupapa, East and 
West Molokai. West Molokai, rising to 421 m., is the oldest 
although it is not certain if this is the actual volcano, or 
part of a volcano which once existed in the position of the 
Penguin Bank - a submarine platform at -300 m. stretching to 
the south-west of Molokai* The East Molokai volcano, rising 
to 1,516 m*, forms most of the island* A small volcano, the 
Kalaupapa Peninsula, projects from the northern coast and is 
much younger than the preceeding two volcanoes.
West Molokai is essentially formed of’ thin-bedded 
basalts, averaging 0*5 m. in thickness. Where it is seen in 
contact with the East Molokai lavas, it is considerably older 
as it has developed about one metre of laterite before being 
overlaid by the East Molokai Series. The East Molokai volcano 
consists of two members, an Upper and Lower member. The Lower 
member is essentially basaltic, and is separated from the
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Upper member by a few cms. of soil. The Upper member forms a 
veneer of oligoclase andesite and trachyte, with some andesine 
andesite* The northern outcrop of the East Molokai Series may 
be fault determined* The Kalaupapa Peninsula, composed of
golivine basalt, is only 16 km , but its submarine extent is 
considerable* The lavas are young as the crater is still well 
preserved *
Oahu (Stearns and Vaksvik 1935, Stearns 1939, Stearns 
1940b) (1,609 km2) is formed of two volcanoes, Waianae in the 
west rising to 1,228 m*, and Koolau in the east rising to 947 m* 
(Pig* 4-v)* The Waianae volcano is the older, at least in part, 
than the Koolau volcano, as flows from the Koolau region 
overlie eroded Waianae basalts*
The Waianae volcano has been divided into three main 
parts, the lower, middle and upper groups, and there is also a 
very small amount of late activity known as the Kolekole 
Volcanics* The lower group consists of pahoehoe basaltic 
lavas, and is usually overlain by the middle group, but separ­
ated by a strong angular unconformity and talus breccia* The 
middle group is similar in form and composition, although it 
contains aa lava, which is not present in the lower group*
The upper group is separated from the middle group mainly on 
the basis of composition as the upper group is composed of 
andesitic flows and cinder cones, although basalts are still
88
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fairly common» It is difficult to distinguish these three 
groups in the field* A dyke and breccia-and-dyke complex have 
been distinguished, but it is not possible to determine the 
basaltic group to which the individual dykes belong» The 
Kolekole Volcanics is a small secondary eruption which occurred 
in the KoleKole Pass - the region of the old Waianae caldera 
(The area of this eruption is so small that it is not shown on 
Figure 4-v or Table 4-1)•
The Koolau Range is composed of the Kailua, Koolau 
and Honolulu Series» The Kailua and Koolau Series were 
originally thought to be two separate volcanoes, but are now 
recognised as both being part of the Koolau volcano - the 
Kailua Series being a hydrothermally altered, intra-caldera 
group* A dyke complex has also been recognised* The Koolau 
Series is very similar to the lower Waianae Series, being 
thin-bedded basalts, but slightly more silicic than normal 
Hawaiian basalts (Wentworth and Winchell 1947)» These basalts 
were extruded from three rifts, although the main activity was 
along the north-west trending rift. Palmer (1955) has suggested 
three main ages for the Koolau volcano, the oldestbeing the 
whole of the south-eastern area, followed by activity on the 
eastern side of the north-western rift, and the last activity 
being between the Waianae Range and the north-western Koolau 
rift zone» Menard et al (1962) have found Miocene fossils on
90
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a drowned t e r r a c e  n e a r  H ono lu lu  w h ich  s u g g e s t s  a  p r e  Miocene 
age f o r  a t  l e a s t  a  p a r t  of  t h e  i s l a n d *  The H ono lu lu  S e r i e s  i s  
a  group  of  spasmodic  e r u p t i o n s  w hich  o c c u r r e d  i n  t h e  s o u t h  and 
s o u t h - e a s t  of  t h e  Koolau Range a f t e r  a  p r o l o n g e d  p e r i o d  of  
e r o s i o n  and ch an g e s  of  s e a  l e v e l *
N i ihau  ( S t e a r n s  1947) (194 km2 ) r i s e s  t o  391 m*
I t  i s  p r i v a t e l y  owned and was n o t  sampled* I t  c o n s i s t s  o f  
two v o l c a n i c  f o r m a t i o n s ,  an  o l d e r  P a n ia u  S e r i e s  and a y o unge r  
K i e k i e  S e r i e s .  Both a r e  p r e d o m i n a n t l y  b a s a l t i c *
Kauai  (Macdonald e t  a l  I9 6 0 )  (1 ,4 9 3  km2 ) i s  one of  
t h e  o l d e s t  and ,  s t r u c t u r a l l y ,  t h e  most  complex of  t h e  g roup  
(P ig *  4 - v i ) • I t  c o n s i s t s  e s s e n t i a l l y  o f  one v o l c a n i c  dome 
which  r i s e s  t o  1 ,577 m* The dome i s  made up o f  a b a s a l t i c  
s e q u e n c e ,  t e rm e d  t h e  Waimea Canyon S e r i e s ,  which  i s  d i v i d e d  
i n t o  f o u r  f o r m a t i o n s .  The e a s t e r n  p a r t  o f  t h e  dome i s  
v e n e e r e d  by l a t e r  l a v a s  o f  t h e  K oloa  S e r i e s *
The m a jo r  p a r t  of  t h e  Waimea Canyon S e r i e s  i s  t h e  
N a p a l i  f o r m a t i o n ,  which  c o n s t i t u t e s  most of  t h e  o r i g n a l  dome* 
T h i s  dome c o l l a p s e d  i n  t h e  summit a r e a  f o r m i n g  a l a r g e  c a l d e r a  
which was i n f i l l e d  w i t h  l a v a s ,  t e rm e d  t h e  O l o k e l e  f o r m a t io n *
A l i t t l e  l a t e r  a  g r a b e n  fo rmed  i n  t h e  s o u t h - w e s t  and l a v a s ,  
e r u p t i n g  i n  t h e  c a l d e r a ,  s p i l l e d  o v e r  and p a r t l y  f i l l e d  t h e  
g raben*  The l a v a s  i n  t h e  g r a b e n  c o n s t i t u t e  t h e  Makaweli  
f o r m a t i o n .  A s m a l l  v e n t  on t h e  s o u t h - e a s t  f l a n k  was f i l l e d
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by l a v a s  f o r m i n g  t h e  Haupu f o r m a t i o n ,  p r o b a b l y  a t  a  s i m i l a r  
t im e  as t h e  Makaweli  f o r m a t i o n *  A p e r i o d  of  c o n s i d e r a b l e  
e r o s i o n  f o l l o w e d ,  w i t h  canyons  up t o  1 ,000  m. deep  b e i n g  c u t .
The o l i v i n e - m e l i l i t e - n e p h e l i n e  b a s a l t s  and b a s a n i t e s  of  t h e  
K oloa  S e r i e s  were e x t r u d e d  o v e r  t h i s  e r o s i o n  s u r f a c e *
4*4 Geology : C o r r e l a t i o n  b e tw ee n  I s l a n d s
The r e l a t i v e  a g e s  o f  d i f f e r e n t  s e r i e s  o r  f o r m a t i o n s  
a r e  u s u a l l y  known on eac h  i s l a n d  as  t h e  c o n t a c t s  be tw een  them 
a r e  e x p o s e d .  One of t h e  main p r o b le m s ,  however ,  i s  to  
d e t e r m i n e  i f  t h e  a r e a  where  t h e  s u p e r p o s i t i o n  i s  s e e n  i s ,  
i n  f a c t ,  t y p i c a l  of  t h e  age r e l a t i o n s h i p s  -  i t  i s  p o s s i b l e  f o r  
e r u p t i o n s  on one f l a n k  t o  p e r s i s t  l o n g  a f t e r  a c t i v i t y  has  
c e a s e d  i n  o t h e r  p a r t s  of  t h e  v o l c a n o .
C o r r e l a t i o n  be tw een  d i f f e r e n t  i s l a n d s  has  been  done 
m a in ly  on t h e  e v i d e n c e  o f  v a r i o u s  s e a  l e v e l s ,  w hich  a r e  
i n t e r p r e t e d  i n  t e r m s  of  e u s t a t i c  change s  a s s o c i a t e d  w i th  t h e  
P l e i s t o c e n e  I ce  Ages .  T h i s  e v i d e n c e  i s  i n  t h e  fo rm  of 
r a i s e d  b e a c h e s ,  a s s o c i a t e d  w i t h  h i g h  s e a - l e v e l  d u r i n g  warm 
p e r i o d s ,  and d e e p  canyon c u t t i n g  a s s o c i a t e d  w i t h  low s e a  l e v e l  
d u r i n g  co ld  p e r i o d s .
High l e v e l  b e n c h e s  a r e  w e l l  known t h r o u g h  most of  
t h e  i s l a n d s  ( S t e a r n s  1 9 6 1 ) ,  b u t  o n ly  on Oahu and L a n a i  have 
c e r t a i n  b e n c h e s  b e e n  p ro v e d  t o  be a s s o c i a t e d  w i t h  r a i s e d  beach  
d e p o s i t s ,  a n d ,  on t h e s e  two i s l a n d s ,  t h e  p r e s e n c e  o f  P l e i s t o c e n e
93
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fossils has confirmed their age* Correlation between islands, 
however, is dependent on the recognition of exactly the same 
erosion levels, or showing their absence, on neighbouring 
islands.
The presence of deep canyons is obviously not 
necessarily diagnostic of any one warm period, but it is 
noticeable that the deep canyons are only present on the islands 
which, on other evidence, are thought to be the oldest.
Further evidence of age is based on general estimates 
of the amount of erosion and the depth of soil. The first 
criterion is subjective and the second is dependent on several 
factors other than time - for example, the soils on East Maui 
vary from very thin on the leeward side to 3 m. on the 
windward side, although both sides are of very similar age*
A correlation table between the igneous formations 
and series of the seven main Hawaiian islands is given in 
Table 4-1* This is based on a similar table given by Stearns 
(1946), which has been modified from the Bulletins and subsquent 
geological articles. However, no claim is made that this table 
is definitive as almost all the ages are estimates. However, 
the sequence is qualitatively reliable for any one island 
although a continuous arrow does not necessarily mean contin­
uous eruption.
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F o r m a t i o n Agem«y.
G • A •
r e f  *
n o .
F o r m a t io n Agem.y •
G«A«
r e f  •
n o «
I s l a n d  of  H aw ai i <0 «5 - Oahu
Maui *43Koolau 2 .22 643
Kula 0 . 4 5 577 *35Koolau 2.31 644
Kula 0 . 8 4 574 *34Koolau 2 .3 2 64 5
Honolua 1 .15 568
*40Koolau 2 .5 2 646
H ono lua 1 .17 637
*32Koolau 2*46 647
H ono lua 1 .17 638 *38Upper  Waianae 2 .8 3 809
Honolua 1 . 1 6 640 Upper  Waianae 2 .7 6 553
Wailuku 1 .27 578 Upper Waianae 2«74 556
Wai luku 1 .30 579 Middle Waianae 3-03 554
Wai luku 1 .29 580 Middle  Waianae 3-46 560
M oloka i *37Lower Waianae 3*27 810
Upper E a s t 1 .31 573 Lower Waianae 2 .95 5 57
Upper  E a s t 1 -35 567 Mauna Kuwale 8 . 3 6 397
Upper  E a s t 1 -45 571 Kauai
Lower E a s t 1 .48 569 Koloa 1 .42 642
Lower E a s t 1 .48 570 Makaweli 3 .5 0 565
West 1 .84 572 Makaweli 3 .8 0 566
N a p a l i 5-03 561
N a p a l i 5-57 564
T a b l e  4 -3  R a d i o g e n i c  Ages of  H aw ai ian  Rock Samples
(McDougall  1963 and p e r s o n a l  com m un ica t ion )
The age i s  b a s e d  on k/ a f rom whole  r o c k  a n a l y s e s ,  
e x c e p t  t h e  Mauna Kuv/ale t r a c h y t e ,  where b i o t i t e  
was used« The d a t e s  a r e  u s u a l l y  an  a v e r a g e  of  
two measurem en ts  on each  sample«
* P a l a e o m a g n e t i c  s am p les  u s e d  ( s i t e  number)
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4*5 Geology : Radio-isotope Dating
It has recently become possible to date Cainozoic 
basic rocks by radio-isotope methods. McDougall (1963a, and 
personal communication) has determined the ages, by the k/a 
method, of 33 samples from the Hawaiian islands (Table 4-3)* 
These dates, of course, can only be regarded as giving a minimum 
range of age, and a single site in a formation does not 
necessarily represent the average age of that formation.
The oustanding feature of the resalts is the confirm­
ation of the correlation (Section 4-4) established on geological 
crieteria, although the overall dates tend to be somewhat 
younger than predicted* There is one distinct anomaly, which 
I am not competent to discuss. The age calculated for a 
lower Waianae sample (G»A* 557) is younger than ages calculated 
for some middle Waianae samples.
Doell (personal communication) and McDougall (pers­
onal communication) report that the Pololu Series on the island 
of Hawaii is too young to be dated by these radio-isotope 
methods and so it is less than 1 m.y. old, and probably less 
than 0-5 m.y*
4»6 Palaeomagnetic Results : General
In order to reduce the effect of low coercivity 
components, all specimens were treated in 150 oe* alternating 
magnetic field (Section 1«8). The direction and intensities
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£  W o  I N I T I A L 1! R E A T E D P o l e s
S  m m D I  R k D I  R k a L a t .■ L o n g
MAUI
HANA SERIES
14 1 2 ( 3 4 9  +2 9 )  - ( 3 4 5 + 3 0 ) - - - - -
15 1 2 (353  +1 9 )  - ( 1 9 + 1 3 ) - - - - -
1 6 3 5 9 +54 2 0 64 6 3 +42  2 . 9 7 68 15 86N 125W
KULA SERIES
8 3 6 -  0 . 6 3  - 357 +42  2 . 8 0 10 41 86N 1 66E
9 3 6  -  1»33  - - -  2 . 0 5 - - — -
10 3 5 9 +54 2 . 6 4  6 34 9 +44 2 . 9 7 60 16 79N 145E
# #
1 1 3 6  71 +36 2»93  30 7 0 * + 2 9  2 . 8 5 13 35 _
1 2 3 6 -  -  o » 9 9  - 11 +63 2 . 8 1 10 40 65N 1 37W
13 3 6 -  2 . 2 9  - - -  1 «91 - - - -
HONOMANU SERIES
17 3 6 -  2 . 5 9  - - -  2 . 1 7 - - - -
HONOLUA SERIES
7 3 6  -  -  0 » 3 3  - - -  1 . 1 9 - - - -
WAILUKU SERIES
1 3 6  3 4 6  - 5 6  2 . 9 5  38 358 - 4 9  2 . 9 7 59 16 - -
2 3 6  1 6 2  - 6  2«95  39 168 - 3  2 . 9 9 238 8 67S 1 24W
3 3 6 160  - 2 5  2 c93 28 166 - 3 0  2 . 9 8 107 1 2 75S 84W
4 3 6  161 - 2 7  2»93  30 1 56 - 3 5  2 . 8 6 15 33 68S 67W
5 3 5  177 +10 2 . 7 3  7 179 0  2 . 9 1 22 27 69S 1 55W
6 3 5  -  -  1 »83 - - -  1 . 71 - - - -
LANAI
LANAI SERIES
18 1 2 (121 - 1 1 )  - ( 1 5 8 - 2 )  - - - - -
1 9 2 3  1 8 8  - 1 7  1 »99 83 190 -1  5 1 »98 64 32 74S 1 67E
20 1 2 (131  - 3 8 )  - (174 - 5 2 )  - - - - -
T a b l e  4 - 4  S i t e  D i r e c t i o n s  a n d P o l e Po s i t  i o n s
C a l c u l a t e d  g i v i n g  e q u a l  w e i g h t  t o  e a c h  s a m p l e »  T r e a t e d  i n  
150  ( o e * )  p e a k  a l t e r n a t i n g  f i e l d «  D i r e c t i o n s  o f  r a n d o m  s i t e s  
a r e  n o t  g i v e n ,  a n d  d i r e c t i o n s  a r e  i n  p a r e n t h e s e s  wh e n  o n l y  
o n e  s a m p l e  i s  u s e d »  #  F l o w  h a n d i n g  i n  s a m p l e s  a t  t h i s  s i t e
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L a t . L o n g •
Upper  EAST FORMATION
24 3 5 - 1 .74 - 171 “ 18 2-93 29 23 75S 1 20W
25 3 5 - 2 . 5 2 - 106 0 2 . 6 8 6 54 1 5S 73W
26 3 6 197 +12 2 .94 32 189  - 2 0 2 . 8 8 17 31 76S 1 62E
27 3 6 - 1 . 86 - - 2 .4 8 - - - -
Lower EAST FORMATION
21 2 3 188 =24 1 . 9 8 44 182 -21 1 .9 9 83 28 81S 170W
22 3 6 177 - 3 9 2 o 99 141 178 - 3 9 2 . 9 8 117 11 87S 26W
23 2 4 - 1 .88 -■ 177 -31 1-99 88 27 85S 1 26W
WEST MOLOKAI SERIES
28 3 6 - 1 »77 - 171 - 1 4 2 .9 9 161 10 73S 123W
29 2 4 167 - 4 0 1 . 9 9 1 6 9 166 -4 1 1 »99 185 18 77S 55V
30 3 5 - 0 . 6 7 - 156 - 3 0 2 .8 9 18 30 67S 7 6W
31 3 5 170 -1 5 2 .97 76 168 - 1 6 2»95 40 20 73S 1 13W
OAHU
HONOLULU SERIES
52 3 5 - 2 .4 8 - 347 +10 2 .7 8 9 43 69N 62E
53 3 6 1 +27 2 .97 60 1 +24 2 . 9 6 46 18 81 N 28E
KOOLAU BASALT FORMATION
32 3 6 186 =6 3 .00743 184 - 7 2 .99 176 9 71S 16 9V
33 3 6 - 2 .34 - 187 -14 2 . 9 2 26 24 74S 1 77E
34 3 6 - 2 .1 1 - - 2 .47 - - - -
35 3 6 95 =80 2.91 22 169 - 6 3 2 . 9 8 83 14 65S 3E
39 2 4 159 -3 2 1 »97 34 158 - V 1 »98 44 39 68S 77W
40 2 4 189 “ 50 1 »99 72 180 - 5 0 2 .0 0 217 17 80S 20E
43 3 6 189 «46 2 . 9  9 342 192 -47 2 . 9 8 105 1 2 77S 78E
KOOLAU DYKE COMPLEX
54 2 4 173 +5 1 »96 27 180 -1 7 1 .9 6 27 50 77S 1 57W
T a b l e  4=4 c o n t ’d
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36 2 4 188 - 4 4  1 „97 40 191 - 4 2 1 .9 8 46 38 79S 94E
37 3 6 335 +37 2 o 9 6  48 333 +39 2 .97 75 14 65N 118E
38 3 6 37 +40 2 .8 3  12 29 +34 2 .8 9 18 30 63N 6 8 W
41 3 6 183 -6 3  2 . 9 2  24 172 -61 2 .9 9 295 7 69S 4E
42 3 6 5 +25 2 . 9 2  24 - - 2 . 2 2 - - - -
44 3 6 - -  2 .2 8  - 171 +28 2 .7 9 1 0 42 52S 144W
45 3 6 141 -35  2 .6 3  5 - - 2 .44 - - - -
46 3 6 167 -23  2 .9 8  127 164 - 2 5 2 . 9 9 2 7 0 8 73S 95W
47 2 4 - -  1 .9 2  - - - 1 .94 - - - -
48 2 3 23 + 24 2 .00  695 - - 1 .94 - - - -
49 3 6 180 - 2 0  2 .99303 182 - 2 1 2 . 9 9 182 9 79S 1 6 8 W
WAIANAE BRECCIA (Dykes)
50 3 5 - -  2 .5 7  - - - 1 . 2 1 - - - -
51 3 6 170 - 2 8  2 . 9 8  8 3 174 - 3 2 2 - 9 8 96 13 83S 103W
KAUAI
KOLOA SERIES
58 2 4 - -  1 .94  - - - 1 .95 - - - -
59 3 6 2 +27 2 .9 9  237 3 +27 2 .9 9 169 1 0 82N 0
NAPALI FORMAT ION
55 3 6 359 + 2 1  2 .97  63 355 +28 2 .9 5 44 19 81 N 53E
56 3 6 28 + 2 2  2 .93  3 0 6 + 2 2 2 .93 27 24 78N 8 W
57 3 6 9 +38 2.98106 13 +42 2 . 9 8 87 13 78N 82W
T a b l e  4-4  c o n t ' d  * See t e x t  f o r  d i f f e r e n t i a t i o n
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Name & £3 55 D I R k
MAUI
Hana S e r i e s 1 3 5 ( 9 +54) - -
K u la  S e r i e s 3 9 17 - - 2 .24 -
W ailuku S e r i e s 4 12 23 1 65 - 1 2 3*84 18
LANAI
L a n a i  S e r i e s 1 2 3 (188 -1 7 ) - -
MOLOKAI
E a s t  M oloka i  S e r i e s 6 16 29 1 64 - 1 6 4»51 3
Upper  E» F o r m a t i o n 3 9 16 - - 2»27 -
Lower E» F o r m a t i o n 3 7 13 185 ~ 3 1 2»97 74
West Molokai  S e r i e s 4 11 20 - - 2 •  66 -
OAHU
H o n o lu lu  S e r i e s 2 6 11 (  1 +27) - -
Koolau  S e r i e s 7 18 3 6 176 „ • 7 5 ^ 99 6
Koolau B a s a l t  Frmtn» 6 16 32 175 -3 8 5»20 6
Koolau  Dyke Complex 1 2 4 (173 + 5) - -
Waianae  S e r i e s  * 7 20 40 359 +3& 6»59 15
Waianae  B a s a l t  Frmtn» (R) 4 1 1 22 178 -3 8 3 °79 15
Waianae  B a s a l t  F r m t n » ( n) 2 6 1 2 - - 1 »83 -
Waianae  Dyke Complex 1 3 6 (170 -2 8 ) - -
KAUAI
K oloa  S e r i e s 1 3 6 ( 2 + 27) - -
N a p a l i  F o r m a t i o n 3 9 18 12 +28 2»92 25
T a b l e  4 -5  S e r i e s  and F o r m a t i o n Mean D i r e c t i o n s  and P o l e s
C a l c u l a t e d  g i v i n g  e q u a l  w e ig h t  to  s i g n i f i c a n t  s i t e s »  
D i r e c t i o n s  and p o l e s  a r e  no t  g i v e n  i f  t h e  r e s u l t a n t  v e c t o r  
i s  random,  and a r e  i n  p a r e n t h e s e s  i f  o n ly  one s i t e  
i s  used» * I r r e s p e c t i v e  o f  s i g n
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( 3 +42) - - - (86N 125W)
- - 2 .1 6 - - - -
168 -17
C\JCO•K\ 16 23 73S 111V
(190 - 1 5 ) - - - (74S 167E)
167 -24 5»27 7 28 75S 101W
- - 2 .4 3 - - - -
179 -31 2 .97 80 14 85S 148W
165 - 2 5 3-91 35 16 74S 94W
354 +17 1 .97 35 43 76N 4 9E
179 -33 6.51 12 18 86S 141W
179 -3 6 5 . 5 6 11 21 88S 1 61W
(180 -1 7 ) - - - (77S 1 57W)
358 +37 6*65 17 15 88N 103E
177 - 3 8 3*81 16 24 87S 72W
- - 1 .85 - - - -
(174 - 3 2 ) - - - (83S 103W)
( 3 +27) - - - (82N 0  )
4 +31 2 .9 5 41 20 83N 1 6W
T r e a t e d  i n  150 oe* (peak)  a l t e r n a t i n g  f i e l d »
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of NRM of all specimens, before and after treatment, are given 
in Appendix 3(a), and the directions are plotted in Figures 
4-vii to 4-xi• The site directions are given in Table 4-4 and 
formation directions are given in Table 4-5* It is evident 
that there are two main groups of directions - 'normal' and 
'reversed', which are close to the present direction of the 
Earth's magnetic field, and these polarities fall into distinct 
stratigraphical horizons. The mean directions of some of 
these polarity zones are given in Table 4-6*
cn co 
a  0) s -pCÖ -H CO CO
_ o O Pol PPolarity D I a a R k a Lat • Long«
Upper Normal 358 +36 21 7 6.70 20 14 88 N 90E
Lower Normal 3 + 34 15 5 4-79 19 18 86N 35W
All Normal 0 +35 36 1 2 11 *47 21 10 89N 1 6E
All Reversed 175 -28 70 26 24-66 19 7 82S 1 21W
All 357 +30 106 38 36*06 19 5 84N 58E
Table 4-6 Mean Direct ions and Poles based on Polarity Zones
Calculated giving equal weight to each significant site 
after treatment in 150 oe- (peak) alternating field* 
* irrespective of sign
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4*7 P a l a e o m a g n e t i c  R e s u l t s  : I n d i v i d u a l  I s l a n d s
Maui (F ig*  4 - v i i )  Only one (16) o f  t h e  t h r e e  s i t e s  
(14—16) i n  t h e  Hana S e r i e s  h a s  s u f f i c i e n t  sam p les  f o r  a t e s t  
o f  s i g n i f i c a n c e ,  b u t  a l l  t h r e e  s i t e s  a r e  ' n o r m a l '  and an 
a n a l y s i s ,  g i v i n g  e q u a l  w e ig h t  t o  eac h  sample f rom  each  of  t h e  
s i t e s  (D=2, I=+35) shows l i t t l e  d i f f e r e n c e  f rom  t h e  mean 
d i r e c t i o n  o f  t h e  one s i g n i f i c a n t  s i t e  (D=3> I = + 4 2 ) • The 
s c a t t e r  w i t h i n  t h e  s i g n i f i c a n t  s i t e  d e c r e a s e s  w i t h  p a r t i a l  
d e m a g n e t i z a t i o n ,  a l t h o u g h  t h e  s c a t t e r  b e tw ee n  a l l  t h r e e  s i t e s  
i n c r e a s e s •
Two s i t e s  (9 ,  13) i n  t h e  Kule S e r i e s  a r e  random, and 
one s i t e  (11) d i r e c t i o n  d i f f e r s  marked ly  f rom  t h e  t h r e e  o t h e r  
' n o r m a l '  s i t e s  (8 ,  10,  1 2 ) .  The d i v e r g e n t  s i t e  d i r e c t i o n  
i s  not  o b v i o u s l y  ' n o r m a l '  o r  ' r e v e r s e d '  and t h e  sam p les  show 
f l o w  b a n d i n g ,  so t h i s  s i t e  was n o t  i n c l u d e d  i n  t h e  a n a l y s e s  to  
o b t a i n  t h e  mean d i r e c t i o n s  g i v e n  i n  T a b le  4 -3  o r  4-4* The 
p r e c i s i o n  of  t h e  v e c t o r  im p ro v es  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n •
The s i n g l e  s i t e s  i n  t h e  Honomanu (17) and Honolua  (7) 
S e r i e s  a r e  b o t h  random, a l t h o u g h  t h e  Honomanu spec im en  d i r e c t i o n s  
a r e  o b v i o u s l y  ' r e v e r s e d ' «  The s i t e  i n  t h e  H onolua  S e r i e s  i s  
f l o w  banded ,  b u t  t h e  spec im en  d i r e c t i o n s  do no t  become o b v i o u s l y  
' n o r m a l '  o r  ' r e v e r s e d '  a f t e r  c o r r e c t i o n  i s  made f o r  t h i s  
b a n d i n g •
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p l o t t e d  o n  an equal-a r ea  p r o je c t io n
O NORTH POLE UPWARDS 
49 - • DOWNWARDS
H DIRECTION OF MAGNETIC NORTH 
H „ * SOUTH
A DIPOLE NORTH
A - - SOUTH
INITIAL TREATED
F ig u re  4 - v i i  ALL EAST MAUI SPECIMEN DIRECTIONS
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4-7
F o u r  s i t e s  ( 2 -5 )  i n  t h e  Wailuku S e r i e s  have s i g n i f i c a n t  
' r e v e r s e d *  d i r e c t i o n s ,  and one s i t e  ( l )  has  a ' n o r m a l '  d i r e c t i o n .  
The r e m a i n i n g  s i t e  (6)  i s  random.  The p r e c i s i o n  of  t h e  t h r e e  
' r e v e r s e d '  s i t e s  im p ro v es  w i t h  p a r t i a l  d e m a g n e t i z a t i o n «  The 
'normal*  s i t e  d i r e c t i o n  i s  anomolous  i n  t h a t  i t  i s  m o d e r a t e l y  
s t e e p  and n e g a t i v e ,  w h i l e  a l l  o t h e r  H aw ai ian  ' n o r m a l '  d i r e c t i o n s  
a r e  p o s i t i v e «
L ana i  ( F i g .  4 - v i i i )  A l l  t h r e e  s i t e s  ( l 8 - 2 0 )  a r e  
' r e v e r s e d '  a l t h o u g h  o n ly  one s i t e  (19) can 'be t e s t e d  f o r  
s i g n i f i c a n c e *  The s i g n i f i c a n t  s i t e  has  a mean d i r e c t i o n  more 
s o u t h e r l y  and s h a l l o w e r  t h a n  t h e  o t h e r  s i t e s .  The p r e c i s i o n  
o f  t h e  s i g n i f i c a n t  s i t e  d e c r e a s e s  s l i g h t l y  a f t e r  p a r t i a l  
d e m a g n e t i z a t i o n ,  a l t h o u g h  i t s  d i r e c t i o n  r e m a in s  s i m i l a r .
INITIAL TREATED
LANAI SPECIMEN D l P F r - p ^ c.
PLo TTi £ . ° ^  A"  eo u a ‘--a « ea p r o j e c t io n
O  n o r t h  p o l e  u pw a r d s
•  NORTH POLE DOWNWARDS 
H MAGNETIC SOUTH DIRECTION 
4 SOUTH DIPOLE DIRECTION
F ig u r e  4 - v i i i
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Molokai (Fig. 4-ix) Seven sites were sampled in 
the East Molokai Series, four in the Upper (24-27) and three 
in the Lower formation (21-23) • Only one site (27) in the 
Upper formation is random, all other sites have 'reversed' 
directions which are east of south. One site direction (25) 
is well away from the others - this could be due to flow 
banding, a common structure in andesites, although this form 
is not distinguishable in hand specimens. The mean directions 
of the Lower formation sites are more precise than those of 
the Upper sites, although both improve with partial demagnet­
ization.
All four sites (28-31) in the West Molokai Series are 
significant, with 'reversed' directions. The precision 
improves slightly after partial demagnetization* The mean 
direction is similar to that of the East Molokai Series, although 
it is slightly further east and shallower*
Oahu (Fig* 4-x) Two sites (52, 53) were sampled in 
the Honolulu Basalt Series. The mean direction is 'normal'.
Eight sites (32-35, 39, 40, 43, 54) were sampled in 
the Koolau Series, including one (54) in the Dyke Complex« Only 
one site (34) is random, but the specimen directions are 
'reversed'« All other sites have significant southerly 
declinations. The Dyke Complex site is similar to the Basalts.
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w aianae  basalts
WAIANAE BRECCIA l  DYKES
TREATED
Figure 4 -x  cont'd
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The Waianae S e r i e s  was sampled  a t  13 s i t e s ,  most of  
w h ich  a r e  i n  t h e  B a s a l t ,  b u t  some were  i n  t h e  Dyke and Dyke-and-  
B r e c c i a  Complexes .  Two s i t e s  (42 ,  45) i n  t h e  B a s a l t  and one 
(48) i n  t h e  Dyke Complex became random on p a r t i a l  d e m a g n e t i z ­
a t i o n ,  w h i l e  one s i t e  (47) i n  t h e  Dyke Complex and one s i t e  
(50) i n  t h e  B r e c c i a - a n d - D y k e  Complex r e m a in  random.  E x c l u d in g  
t h e  random s i t e s ,  t h e  d i r e c t i o n s  f a l l  r e a d i l y  i n t o  two g ro u p s  -  
' n o r m a l '  and ' r e v e r s e d ' «  T h ree  s i t e s  i n  t h e  B a s a l t  a r e  
' r e v e r s e d '  and two ' n o r m a l ' ,  w h i l e  two s i t e s  i n  t h e  Dyke Complex 
and one s i t e  i n  t h e  B r e c c i a - a n d - D y k e s  a r e  ' r e v e r s e d ' -  The 
p r e c i s i o n  of  t h e  d i r e c t i o n s  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n  
r e m a i n s  s i m i l a r  t o  t h e  i n i t i a l  p r e c i s i o n .
Kauai  ( F i g .  4 - x i )  In  t h e  Koloa  S e r i e s ,  two s i t e s  
(5 8 ,  59) were sampled* One of  t h e s e  i s  ' n o r m a l '  and t h e  o t h e r  
i s  ' r e v e r s e d ' ,  a l t h o u g h  o n ly  t h e  ' n o r m a l '  s i t e  (59) i s  
s i g n i f i c a n t .  T h ree  s i t e s  (5 5 -5 7 )  i n  t h e  N a p a l i  F o r m a t i o n  were 
sampled*  They a r e  a l l  ' n o r m a l '  and t h e  p r e c i s i o n  r e m a in s  v e r y  
s i m i l a r  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n *
4»8 A»C« D e m a g n e t i z a t i o n  and S t a b i l i t y
Twelve p i l o t  sp e c im e n s  were s u b j e c t e d  t o  p a r t i a l  
d e m a g n e t i z a t i o n  i n  v a r i o u s  a l t e r n a t i n g  m a gne t ic  f i e l d s  up to  
750 oe (peak)  ( S e c t i o n  1 . 8 ) .  The i n d i v i d u a l  spec im en  d i r e c t i o n s  
and i n t e n s i t i e s  a r e  g i v e n  i n  Appendix  3 (b )*  The d i r e c t i o n s  
a r e  p l o t t e d  i n  F i g u r e  4 - x i i i  and t h e  n o r m a l i s e d  i n t e n s i t i e s  a r e
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A.C. DEMAGNETIZATION OF N.RM  (iNTENSrnE
M it the observed mt«n»lty Mo ä* th« ,nl€W,ly
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WAIANAE
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KOOLAU
BASALT
KOLOA
F ig u re  4 - x i i i
A.C. DEMAGNETIZATION OF N.R.M ( d ir e c t io n s )
APPLIED FIELD (PEAK OERSTEDS)
•  O « 1 1 2  •  3 0 0
A 36 # 1 5 0  *  4 5 0
▼ 75 •  225 •  750
SOLIO IS POSITIVE HOLLOW IS NEGATIVE
CONNCCTINO LINKS OO NOT NCCESSAOC' FOLLOW THE MTM 
TP*ACtO OUT BY THE DIRECTION BETWEEN STEPS
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graphed in Figure 4-xii*
The intensity of remanence in almost all pilot spec­
imens either increases or remains the same as weak fields are 
applied, after which the decrease is gradual* The exceptions 
to this behaviour are the two Kula (Maui) specimens in which 
the initial intensity is very high and after partial demagn­
etization in weak fields, the intensity becomes of the same 
order as all other specimens*
The directions of magnetization (Fig* 4-xiii) in 
the Waianae (Oahu) pilot specimens remain very similar in all 
applied fields, while the Koloa (Kauai) specimens show 
similar constancy after 38 oe has been applied* The West 
Molokai and Wailuku (Maui) specimens also show similar 
directions in all applied fields although the scatter is larger 
than in either the Waianae or Koloa specimens* The Koolau (Oahu) 
specimens show the same behaviour until fields of the order of 
200 oe* have been applied, when the directions begin to 
scatter* The Kula (Maui) specimens do not show any marked 
tendency to a single preferred direction*
The behaviour of most pilot specimens is strongly 
indicative of stability - the only exceptions being the Kula 
(Maui) specimens. The Kula specimens may show this behaviour 
if they have had a superimposed large low coercivity component 
which is readily removed in low fields, but whick also disrupted
some of the high coercivity components.
4 - 9
4 «9 Average I n t e n s i t y  and S u s c e p t i b i l i t y
The a v e r a g e  i n t e n s i t i e s  and s u s c e p t i b i l i t i e s  a r e  
g i v e n  i n  T a b l e  4-7« The o l d e r  and y o u n g e r  f o r m a t i o n s  show 
c o n s i d e r a b l e  s i m i l a r i t y .  The Kula  (Maui)  S e r i e s  b e i n g  
e x c e p t i o n a l l y  h ig h  i n  t h e i r  i n i t i a l  i n t e n s i t y ,  w hich  may be 
due to  l i g h t n i n g  e f f e c t s .  The s u s c e p t i b i l i t y  o f  t h e  you n g e r  
f o r m a t i o n s  t e n d s  to  be s l i g h t l y  h i g h e r  t h a n  t h e  o l d e r  f o r m a t i o n s .
F o r m a t i o n Ns M.—i
M. / Ns X
Hana (Maui) 9 17*31 4 . 2 7 0 . 2 5 4 4-63
Kula  (Maui) 35 137.30
c-00•c- 0 . 0 6 18 13*28
Ho no manu (Maui) 6 0 . 9 6 0 . 7 5 0 »75 3 2 .6 6
H onolua  (Maui) 6 14.34 3 . 4 2 0 . 2 4 3 2.74
Wai luku (Maui) 34 8 .19 4 . 0 5 0 . 4 9 18 2.01
L ana i 7 5-88 3 -07 0 . 5 2 4 0 . 9 2
E a s t  Molokai 35 19 .43 4 . 2 3 0 . 2 2 19 2 .13
West Molokai 20 13 .22 7 . 0 3 0 . 5 3 10 1 .1 6
Koolau (Oahu) 42 3 .0 9 2 .22 0 . 7 2 21 1 .83
Waianae (Oahu) 70 2 .67 1 .93 0 . 7 2 36 2 .19
H ono lu lu  ( 0 a h u ) l 1 4 -78 1 .47 0 .31 6 3 .9 2
Koloa  (K aua i ) 10 6-45 5*36 0 . 8 9 6 1 .24
N a p a l i  (K aua i) 18 4.21 2 .72 0 . 6 5 9 1 .01
T a b l e  4 -7  Average I n t e n s i t i e s  and S u s c e p t i b i l i t i e s
M = a v e r a g e  i n t e n s i t y  j _3
. . . . . . . .  f i n  e . m . u . / c m 3x 10x = a v e r a g e  s u s c e p t i b i l i t y  J
N = No. s pec im ens  N = No. sam pleso s
i  = i n i t i a l  t  = t r e a t e d  i n  150 oe a - c* f i e l d
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4»10 A n i s o t r o p y  o f  TRM
E i g h t  sp ec im en s  were g i v e n  a  TRM (T ab le  4 -8 )  i n  t h e  
l a b o r a t o r y  ( S e c t i o n  1 . 8 )  by h e a t i n g  them t o  750°C* and a l l o w i n g  
them t o  c o o l  i n  t h e  E a r t h ' s  m a g n e t i c  f i e l d  a t  C a n b e r r a  ( l l * 3 ,  
- 6 5 * 0 ,  0 . 5 9  oe) w i th  t h e i r  o r i e n t a t i o n  marks i n  t h e  m a g n e t ic  
m e r i d i a n .  T h e re  i s  a  p o s s i b i l i t y  t h a t  t h e  measurement o f  t h e  
TRM d i r e c t i o n s  a c q u i r e d  i n v o l v e d  a s y s t e m a t i c  measurement e r r o r  
so t h a t  t h e r e  i s  some doub t  a s  t o  t h e  s i g n i f i c a n c e  o f  d i v e r g e n c e s  
f rom t h e  a p p l i e d  f i e l d .  The Honomanu sp ec im en s  show a marked 
d i v e r g e n c e  f rom t h e  a p l i e d  f i e l d ,  which s u g g e s t s  a n i s o t r o p i c  
e f f e c t s ,  b u t  t h i s  s i t e ,  i n  any c a s e ,  has  n o t  been  i n c l u d e d  i n  
c a l c u l a t i o n s  of mean d i r e c t i o n s  a s  i t  i s  random» The o t h e r  
spe c im e n s  have  d i r e c t i o n s  which a r e  not  c o n s i d e r e d ,  u n d e r  t h e  
c i r c u m s t a n c e s ,  to  d i v e r g e  s i g n i f i c a n t l y  f rom t h e  a p p l i e d  f i e l d ,  
and i t  i s  c o n c l u d e d  t h a t  l i t t l e  o r  no a n i s o t r o p i c  e f f e c t s  a r e  
p r e s e n t  i n  t h e  H a w a i ia n  m a t e r i a l *  A s u b s e q u e n t  ex p e r im e n t  
( S e c t i o n  13*4) c o n f i r m s  t h e  a b s e n c e  o f  d e t e c t a b l e  a n i s o t r o p y .
F o r m a t i o n  o r  S e r i e s Spec • No. D I r
Hana (Maui) 26a 357 -64 1
Honomanu (Maui) 28b 9 -5 5 10
West Moloka i 64b 358 - 6 2 3
Waianae  B a s a l t ( r ) (Oahu) 1 1 3 b 355 -65 1
Waianae  B a s a l t ( n ) (Oahu) 124b 359 - 5 8 7
Koolau B a s a l t 108a 353 -64 2
K oloa  (K aua i) 89a 355 -6 5 1
N a p a l i 85b 352 -6 6 3
rT a b le  4 -8  TRM D i r e c t i o n s
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= a n g u l a r  d e v i a t i o n  
f rom a p p l i e d  f i e l d
4*11
4 »11 I s o t h e r m a l  Remanent M a g n e t i z a t i o n
T h i r t e e n  spe c im e n s  were g i v e n  an IRM ( S e c t i o n  1 »8)
and t h e  maximum remanence  (M ) ,  t h e  f i e l d  r e q u i r e d  t o  o b t a i n—max
M (H ) ,  and t h e  c o e r c i v i t y  of  maximum remanence  (H ) a r e  —max max c r
g i v e n  i n  T a b le  4-9* In  most c a s e s  M was to o  l a r g e  f o r—max
measurement on t h e  a s t a t i c  m a g n e to m e te r s ,  and t h e  l a s t  meas­
u r a b l e  v a l u e  o f  M and H a r e  g i v e n .  One of  t h e  main —max max
f e a t u r e s  o f  t h e s e  r e s u l t s  i s  t h e  h igh  v a l u e s  of  d e t e r m i n a t i o n s ,  
f o r  exam ple ,  t h e  a v e r a g e  H i s  445 oe*
F o r m a t i o n  o r  S e r i e s Spec •No • Hc r M—max Hmax
Hana (Maui) 50b 465 >2000 >1000
Kula (Maui) 19a 270 >2000 >3 0 0
Wailuku (Maui) 1 2b 540 >2000 >1000
L ana i 50b 465 1900 2000
Upper fi* Molokai 54a 465 >2000 >700
Lower £» Molokai 80a 465 >2000 >500
West Molokai 71a 255 350 900
H ono lu lu  (Oahu) 1 23b 470 >2000 >500
Koolau B a s a l t  (Oahu) 101a 565 >2000 >900
Waianae B a s a l t ( n ) (Oahu) 1 24b 470 >2000 >500
Waianae B a s a l t ( r ) (Oahu) 159a 400 350 1000
Koloa  (K aua i ) 91a 700 >2000 > 7 0 0
N a p a l i  (K aua i) 86a 260 400 900
T a b le  4 -9  IRM P r o p e r t i e s
/  3H i n  o e r s t e d s  M i n  e»m»u»/cm x 10
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4 »12 D i s c u s s i o n  : R e l i a b i l i t y
The mean d i r e c t i o n s  a r e  u n l i k e l y  t o  be a f f e c t e d  by 
a n i s o t r o p i c  e f f e c t s  g r e a t e r  t h a n  t h e  e x p e r i m e n t a l  e r r o r  a s  
t h e s e  e f f e c t s  a r e  known t o  be s m a l l  i n  a lm o s t  a l l  s am p les  
( S e c t i o n  4-10  and 13-4)  and s i t e s  where  t h e s e  e f f e c t s  a r e  
s u s p e c t e d  have been  o m i t t e d  f rom  t h e s e  c a l c u l a t i o n s .  S t a b i l i t y  
o f  rem a n en ce ,  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n ,  i s  i n d i c a t e d  i n  
a l l  s i t e s  ( e x c e p t  t h o s e  i n  t h e  Kule  S e r i e s ,  Maui,  13 random 
s i t e s  and 4 s i t e s  where t h e  s i g n i f i c a n c e  canno t  be t e s t e d )  by 
t h e  f o l l o w i n g  p o i n t s
1) The c o n s i s t e n c y  of  d i r e c t i o n s  f rom  sam ples  c o v e r i n g  some 
400 km. l a t e r a l  s p r e a d  and 5 m.y .  i n  t ime*
2) A wide r a n g e  o f  a l t e r n a t i n g  f i e l d  s t r e n g t h s  i n  which t h e  
d i r e c t i o n  of  NRM r e m a i n s  c o n s t a n t *
3) A h ig h  a v e r a g e  c o e r c i v i t y  o f  maximum rem a n en ce .
4) The mean d i r e c t i o n s  a r e  c l o s e r  t o  t h e  a x i a l  d i p o l e  
f i e l d  t h a n  t o  t h e  p r e s e n t  E a r t h ' s  m a g n e t i c  f i e l d .
5) Almost  two—t h i r d s  of  t h e  s i t e s  a r e  ' r e v e r s e d ' *
6 ) The d i f f e r e n c e  be tween  t h e  two o p p o s in g  p o l a r i t i e s ,  
w i t h i n  t h e  l i m i t s  o f  t h e  s c a t t e r ,  i s  1 8 0 ° .  ( A l l  s i g n i f i c a n t  
' n o r m a l '  s i t e s  ( 0 , +3 1 , a = 1 3 ) ;  a l l  s i g n i f i c a n t  ' r e v e r s e d '  
s i t e s ,  i r r e s p e c t i v e  of  s i g n  ( 3 5 5 , +28,  a =7 ) .
I t  seems r e a s o n a b l e  t h e r e f o r e  t o  assume t h a t  t h e  
d i r e c t i o n s  o f  NRM a t  s i g n i f i c a n t  s i t e s ,  a f t e r  p a r t i a l  demag-
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n e t i z a t i o n  i n  150 oe* (peak)  a l t e r n a t i n g  f i e l d ,  do r e f l e c t  t h e  
d i r e c t i o n  of  t h e  E a r t h ' s  f i e l d  a t  t h e  t im e  t h e  r o c k s  c o o l e d ,  
w i th  r e a s o n a b l e  a c c u r a c y .
4*13 D i s c u s s i o n  : R e v e r s a l s
The o b s e r v e d  sequence  o f  r e v e r s a l s  i s  now summarised* 
T h e i r  meaning i s  d i s c u s s e d  i n  C h a p t e r  6« The r e s u l t s  d e s ­
c r i b e d  a r e  n e c e s s a r i l y  i n c o m p le t e  a s  t h e y  a r e  t h e  f i r s t  
o b s e r v a t i o n s  on t h e s e  f i v e  i s l a n d s  and p r o b a b ly  n o t  a l l  l e v e l s  
of  r e v e r s a l  have y e t  been  found* The p i c t u r e  p r e s e n t e d  h e r e  
can  o n ly  be  r e g a r d e d  a s  an  i n t e r r i m  a c c o u n t  s u b j e c t  t o  r e v i s i o n  
as  f u r t h e r  o b s e r v a t i o n s  a r e  o b t a i n e d .  F o r  p u r p o s e s  of con­
v e n i e n c e ,  t h e  d e s c r i p t i o n  i s  made i n  t e rm s  o f  f o r m a t i o n s  r a t h e r  
t h a n  i n d i v i d u a l  s i t e s ,  e*g .  r e f e r e n c e  i s  made t o  t h e  W* Molokai  
' r e v e r s e d '  S e r i e s ,  b u t  i t  i s  n o t  t o  be assumed t h a t  t h e  whole 
S e r i e s  i s  ' r e v e r s e d ' ,  b u t  m ere ly  t h e  s i t e s  sampled  w i t h i n  i t .
The s t r a t i g r a p h i c  t a b l e  (T a b l e  4 - l l )  was b a s e d  on 
t h e  g e o l o g i c a l  e v id e n c e  (T ab le  4 - l ) , and t h e  p a l a e o m a g n e t i c  
e v i d e n c e  b e f o r e  r a d i o g e n i c  d a t e s  were a v a i l a b l e *  I t  i s  
e v i d e n t  t h a t  t h e  p a l a e o m a g n e t i c  o b s e r v a t i o n s  i n  M o lo k a i ,  L a n a i  
and E a s t  Maui a r e  p a r t i c u l a r l y  c o n s i s t e n t  w i t h  t h e  s t r a t i g r a p h i c  
o b s e r v a t i o n s •
T here  i s  o n ly  one s i t e ,  t h e  ' n o r m a l '  s i t e  i n  t h e  
Wai luku S e r i e s  (w» M aui) ,  which i s  anom olous .  I t  has  a 
m o d e r a t e l y  h i g h ,  n e g a t i v e  i n c l i n a t i o n ,  a l t h o u g h  a l l  o t h e r
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H aw ai ian  ' n o r m a l '  s i t e s  a r e  o f  p o s i t i v e  i n c l i n a t i o n  and u s u a l l y  
s h a l l o w .  T h i s  s i t e  o c c u r s  i n  a  s e r i e s  where a l l  o t h e r  s i t e s  
a r e  ' r e v e r s e d '  and which i s  o v e r l a i n  by t h e  Honolua  S e r i e s  i n  
which  t h e  s i n g l e  s i t e  sampled  i s  a l s o  ' r e v e r s e d ' ,  b u t  of  w id e l y  
s c a t t e r e d  sample d i r e c t i o n s »  I t  i s  c o n s i d e r e d  u n l i k e l y  t h a t  
t h e  ' n o r m a l '  Wailuku s i t e  r e p r e s e n t s  a  c o m p le te  ' n o r m a l '  
zone b e tw ee n  two ' r e v e r s e d '  zones  a s  t h e  t i m e  be tween  t h e  
v a r i o u s  s i t e s  i n  West Maui i s  v e r y  s h o r t .  I t  seems l i k e l y  
t h a t  t h e  d i r e c t i o n s  a t  t h i s  s i t e  have e i t h e r  been  a f f e c t e d  by 
f l o w  b a n d i n g  ( a l t h o u g h  t h e r e  i s  no e v i d e n c e  of  t h i s  i n  hand 
s p e c im e n s )  o r  i t  r e p r e s e n t s  a  p a r t  o f  a  t r a n s i t i o n  zone be tw een  
d i f f e r e n t  p o l a r i t i e s .  The l a t t e r  e x p l a n a t i o n  would im ply  t h a t  
t h e  H onolua  s i t e  i s  a l s o  t r a n s i t i o n a l  and t h i s  would e x p l a i n  
t h e  l a r g e  s c a t t e r  a t  t h a t  s i t e *
One o f  t h e  m a jo r  a p p a r e n t  e x c e p t i o n s  t o  t h e  c o n s i s t e n c y  
o f  t h e  p a l a e o m a g n e t i c  r e s u l t s  w i t h  g e o l o g i c a l  e s t i m a t e s  of  age 
i s  i n  t h e  i s l a n d  of  H awaii  where  D o e l l  and Cox (1961) have 
f o u n d  a l l  p a r t s  o f  t h e  S e r i e s  t h e y  sampled  t o  be ' n o r m a l ' .
The P o l u l u  S e r i e s ,  however ,  i s  t h o u g h t  t o  be P l i o c e n e  i n  age 
on t h e  g e o l o g i c a l  e v i d e n c e  and would t h e r e f o r e  be e x p e c t e d  t o  
c o n t a i n  some r e v e r s e d  p o l a r i t i e s .  The e x p l a n a t i o n  c o u ld  be 
t h a t  t h e  s a m p l in g  was i n  an e a r l i e r  ' n o r m a l '  zone and ' r e v e r s e d '  
p o l a r i t i e s ,  a l t h o u g h  p r e s e n t ,  were no t  s am p led ,  o r  i t  co u ld  be 
t h a t  t h e  S e r i e s  i s  y ounger  t h a n  had been  t h o u g h t .  The l a t t e r
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a p p e a r s  t o  be t h e  most p r o b a b l e  from  a s tu d y  of  t h e  p o l a r i t y  
d i s t r i b u t i o n  i n  t h e  H aw ai ian  i s l a n d s  a s  a whole*
In s t u d y i n g  t h e  o l d e r  r o c k s  on t h e  i s l a n d s  o f  Oahu 
and Kauai ,  t h e  s t r a t i g r a p h i c a l  r e l a t i o n s h i p  o f  p o l a r i t i e s  i n  
t h e  Waianae S e r i e s  i s  o f  c r i t i c a l  i m p o r t a n c e ,  but  i t  i s  i n  
t h i s  S e r i e s  t h a t  t h e  d i s t i n c t i o n  b e tw e e n  u p p er ,  m id d le  and 
l o w e r  d i v i s i o n s  i s  most d i f f i c u l t  ( S e c t i o n  4*3)*  The p r o b a b l e  
s t r a t i g r a p h i c a l  p o s i t i o n  o f  t h e s e  s i t e s  (Macdonald ,  p e r s o n a l  
c om m u n ic a t ion )  i s  g i v e n  i n  T ab le  4 - 1 0 .
Very l a t e  Upper B a s a l t 42 ( n )
Upper B a s a l t 36 R 38  N
Mid dle  (? )  B a s a l t 41 R 49R
Lower B a s a l t  37^N 44 R 4 5 ( r )
? Lower B a s a l t  46 R 4 7 ( r ) 4 8 ( n )
Table  4 - 1 0  P r o b a b l e  S t r a t i g r a p h i c a l  P o s i t i o n  o f  S i t e s  i n
t h e  Waianae B a s a l t  -  Macdonald ,  p e r s o n a l
c o m m u n i c a t i o n •
N = 'norm al '  R -  ' r e v e r s e d '
()  R e s u l t a n t  v e c t o r  i s  random 
(l) 3*27 m. y.  (2) 2*83 m. y.
The s i m p l e s t  p a t t e r n  o f  p o l a r i t i e s  i s  t o  assume t h a t  
t h e  topm ost  Upper Waianae l i e s  i n  a normal z o n e ,  but  p a s s e s  i n t o  
a r e v e r s e d  zone  which  p e r s i s t s  i n t o  t h e  Lower B a s a l t s ,  where a 
r e t u r n  t o  normal p o l a r i t y  t a k e s  p l a c e *  U s i n g  t h i s  model and 
g e o l o g i c a l  c o r r e l a t i o n  m ethods ,  t h e  N a p a l i  p o l a r i t y  must c o r r e l a t e  
w i t h  e i t h e r  t h e  l o w e r  normal zone  o f  t h e  Waianae o r  an e a r l i e r  zone*
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T a b le  4 -12  S t r a t i g r a p h i c  T a b l e  b a s e d  on G e o l o g i c a l ,  R a d i o g e n i c
and P a l a e o m a g n e t i c  E v id e n c e
l  R a d i o g e n ic  a g e s  o n ly  2 P a l a e o m a g n e t i c  d a t a  o n ly
NOTES The minimum number of  p o l a r i t y  zones  i s  assumed-  
Only i n  a few c a s e s  a r e  t h e  r a d i o g e n i c  and 
p a l a e o m a g n e t i c  o b s e r v a t i o n s  on r o c k s  f r om 
t h e  same o r  even  a d j a c e n t  s i t e s -  
M-K-T- = Mauna Kuwale T r a c h y t e
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In Table 4-11 a stratigraphical table is given based 
on the palaeomagnetic and geological evidence. This table was 
compiled before the radiogenic evidence was available, which 
has been incorporated in Table 4-12» It is evident that the 
agreement between the two tables is very good and confirms that 
the island of Hawaii is younger than had been thought, while 
the Napali is shown to be much older than the lower Waianae so 
that it is probable that the polarity observed belongs to an 
earlier 'normal' period. These results are discussed in more 
detail in connection with reversals of the Earth's main field, 
the periodicity of reversals, and their stratigraphical use, 
in Chapter 16*
4*14 Discussion : Mean Directions and Poles
Almost all the significant site directions are 
roughly, but not exactly, parallel or antiparallel with the 
Earth's magnetic field in Hawaii* There are four exceptions 
to this generalisation - sites 1, 11, 25 and 44« These 
exceptions may be explained by either anisotropy or transitional 
directions between different polarities, so it is considered 
that these four exceptions cannot be considered to reflect the 
typical" pattern of the Earth's magnetic field in Hawaii*
In subsequent discussion, these sites are ignored*
Comparison of the mean of the site directions with the 
directions of the axial dipole, the inclined geomagnetic dipole,
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and t h e  p r e s e n t  g e o m a g n e t i c  f i e l d s  i n  Hawai i  (T a b le  4 -13)  shows 
t h a t  t h e  mean d i r e c t i o n s  a r e  c l o s e r  t o  t h a t  of  t h e  a x i a l  
g e o c e n t r i c  d i p o l e  f i e l d  t h a n  th e y  a r e  t o  t h e  o t h e r  f i e l d s «
In  p a r t i c u l a r ,  t h e  ' n o r m a l '  p o l a r i t y  zones  a r e  v e ry  c l o s e  t o  
t h e  a x i a l  d i p o l e  f i e l d *  When a l l  s i t e s  a r e  combined ,  t h e  
mean d i r e c t i o n  i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h a t  of  t h e  
a x i a l  d i p o l e  f i e l d ,  b u t  t h e  a g ree m en t  i s  s t i l l  much b e t t e r  w i th  
t h a t  f i e l d  t h a n  t h e  o t h e r  two«
Zone D I a •H
P
sa
Upper  Normal 358 + 36 14 12 11 2
Lower Normal 3 +34 18 . 10 8 3
A l l  Normal 0 +35 10 11 10 2
A l l  R e v e r s e d 355 + 28 7 19 18 10
%
A l l 357 + o 5 1 6 15 8
T a b le  4 - 1 3  D e v i a t i o n  f rom  D ip o le  Models
s
s
p
£a
*
= d e v i a t i o n  f rom t h e  i n c l i n e d  g e o m a g n e t i c  d i p o l e  
f i e l d  i n  Hawai i  ( l 2 , + 4 0 )
= d e v i a t i o n  f ro m  t h e  p r e s e n t  geo m a g n e t i c  f i e l d  
i n  Hawaii  ( 1 1 .2 5 ,+ 3 9 * 0 )
= d e v i a t i o n  f rom  t h e  a x i a l  g e o c e n t r i c  d i p o l e  
f i e l d  i n  Hawai i  ( 0 ,+ 3 7 )  
i r r e s p e c t i v e  of  s i g n
T h i s  s u g g e s t s  t h a t  o v e r  a  p e r i o d  of  some 5 m.y.  
t h e  g e o m a g n e t i c  f i e l d  i n  Hawai i  a v e r  g e s  ou t  t o  t h a t  of  an 
a x i a l  g e o c e n t r i c  d i p o l e  f i e l d  ( S e c t i o n  1 .2  and C h a p t e r  14)* 
T h i s  r e s u l t  i m p l i e s  t h a t  t h e r e  has  been  l i t t l e  o r  no r o t a t i o n  
o f  t h e  H aw a i ia n  i s l a n d s  s i n c e  t h e i r  f o r m a t i o n .
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4*14
It is of interest to compare the mean palaeomagnetic 
joles given here (Table 4-5) for the older islands with those 
calculated by Irving (1962) from data given for the island of 
Hawaii by Doell and Cox (1961)• It is evident (Table 4-14)
N D I k a PoleLat-Long•
Historic 1950-1955 9 9 + V>| CO 41 6 3 81 N 77W
Puna 18 4 +4 2 116 3 84 N 115W
Kahuku 29 8 + 24 31 5 79N 26W
Hamakua 27 13 + 52 65 4 73N 11 6W
Pololu 50 6 + 32 60 3 84 N 4 5W
Ninole 25 1 + 25 33 5 84N 19W
All combined 1 58 6 +34 29 2 84N 57W
Table 4-14 Mean Directions and Poles for the island of
Hawaii - Irving (1962) from Doell and Cox (1961) 
N = No. flows sampled
that all palaeomagnetic poles for the island of Hawaii are 
closer to the present Earth's magnetic field in Hawaii than 
to the axial geocentric dipole and they are grouped slightly 
away from the palaeomagnetic poles determined for all other 
Hawaiian islands- This may reflect a difference in the 
geomagnetic field in Hawaii over the last 1 m-y. compared with 
the field over the last 5 m.y.
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C h a p t e r  5
TAHITI -  SOCIETY ISLANDS
5»1 I n t r o d u c t i o n  and Summary
T a h i t i  i s  t h e  l a r g e s t  i s l a n d  and t h e  a d m i n i s t r a t i v e  
c e n t r e  o f  F r e n c h  P o l y n e s i a *  F r e n c h  P o l y n e s i a  (F ig*  5 - i )  
c o n s i s t s  of  s e v e n  a d m i n i s t r a t i v e  i s l a n d  g ro u p s  -  S o c i e t y ,
Tuamotu,  A u s t r a l ,  M arq u es as ,  Gambier ,  C l i p p e r t o n  and Rapa 
I s l a n d s .  Each g ro u p  c o n s i s t i n g  o f  a number of  i s l a n d s  s t r u n g  
ou t  a l o n g  a r c s *  The l a r g e s t  g ro u p s  a r e  t h e  S o c i e t y ,  A u s t r a l ,  
Tuamotu and M arquesas  -  t h e  A u s t r a l  and Tuamotu c o n s i s t i n g  
e n t i r e l y  o f  c o r a l  i s l a n d s *  The S o c i e t y  Group has  been  d i v i d e d  
i n t o  t h e  Windward and Leeward I s l a n d s  -  t h e  main i s l a n d s  i n  t h e  
Windward I s l a n d s  b e i n g  T a h i t i  ( t h i s  c h a p t e r ) ,  Moorea,  M e h e t i a ,  
T e t i a r o  and Maiao,  and t h e  main i s l a n d s  i n  t h e  Leeward I s l a n d s  
a r e  H u ah in e ,  R a i a t e a ,  Bora  Bora  ( n e x t  c h a p t e r )  and Tahaa*
T a h i t i  (F ig*  5 - i i )  c o n s i s t s  of  two s l i g h t l y  e l l i p t i c a l  
v o l c a n o e s  j o i n e d  by a nar row  i s th m u s*  The l a r g e r  of t h e  two,  
T a h i t i - n u i  (826 km2 ) , c o n s i s t s  of a  v o l c a n i c  cone  r i s i n g  t o  
2 ,231  m*, and t h e  s m a l l e r ,  T a i a r a p u  o r  T a h i t i - i t i  (310 km2) ,  r i s e s  
t o  1 ,3 2 3  m*
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F ig u re  5 - i  F rench  P o ly n e s ia
(E* A ubert de l a  Rue,  T a h i t i  e t  ses  A rc h ip e ls ,  1958)
128
5*1
A total of 55 samples were obtained from 9 sites in 
intrusives and 24 sites in extrusives. All were obtained from 
Tahiti-nui - and attempts to obtain samples from Tahiti-iti was 
unsuccessful» Sampling difficulties prevented many samples 
being obtained at any one site and only 13 sites could be 
tested for significance, of which only 5 were found to have 
significant directions* All five significant sites have 
'normal' directions. All specimen directions are widely 
scattered both before and after treatment in 150 oe alternating 
field and there is evidence that this scatter is stable* The 
mean direction of the significant sites is very close to the 
inclined geomagnetic dipole field in Tahiti, whicn is taken to 
suggest a Recent age for these sites, although it is probable 
that some early Pleistocene rocks may be involved as some samples 
are of 'reversed' polarity. It is concluded that the magnet­
ization of many of the samples may have been acquired during a 
period when the Earth's field was reversing or were magnetized 
by some process independent of a uniform field*
5»2 Geology
On both volcanoes the original form of the cone can 
be seen preserved on wide, highly lateritised interfluves. 
However, rivers have deeply dissected the cones and, by prefer­
ential erosion of weathered lavas and ash beds, have undercut 
the massive flows causing steep sided valleys. A reef surrounds
1 29
F ig u re  5 - ü
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5-2
b o t h  v o l c a n o e s ,  bu t  i s  much s h a l l o w e r  on t h e  s o u t h e r n  c o a s t .
Very l i t t l e  i s  known of t h e  i n t e r i o r  owing t o  t h e  d i f f i c u l t y  
of a c c e s s .
Dana (1849) i d e n t i f i e d  v a r i o u s  p l u t o n i c  r o c k s  on 
t h e  i s l a n d  -  t h e s e  have s i n c e  been  d e t e r m i n e d  a s  n e p h e l i n e  
m o n z o n i t e s  and t h e r a l i t e s ,  w i t h  some m a rg i n a l  n e p h e l i n e  
s y e n i t e  ( L a c r o i x  1904,  1 9 1 0 a ,b ,  1 9 2 7 a , b ,  1928,  O b e l l i a n n e  1955)•  
M a r s h a l l  (1915) d i s c o v e r e d  t h e  o u t c r o p  o f  t h e s e  p l u t o n i c - t y p e  
r o c k s  i n  t h e  co re  of  each  v o l c a n o ,  and W i l l i a m s  (1933) has  
d e s c r i b e d  t h e  geo logy  of  t h e  i s l a n d  i n  some d e t a i l *
Dykes a r e  r a r e  i n  t h e  a c c e s s i b l e  p a r t s  of  t h e  i s l a n d  
bu t  t h e i r  p r e s e n c e  i n  t h e  i n t e r i o r  has  been  d e t e r m in e d  f rom 
t h e  p r e s e n c e  of  samples  i n  s t r e a m  beds  f rom  d o l e r i t i c  and 
b a s a l t i c  d y k e s .  P y r o c l a s t i c  m a t e r i a l  o n ly  fo rm s  a s m a l l  p a r t  
o f  t h e  t o t a l  volume of t h e  v o l c a n o e s  b u t  i s  e x t r e m e l y  i m p o r t a n t  
i n  c o n t r o l l i n g  t h e  e r o s i o n  p a t t e r n *  The l a v a s  a r e  p r e d o m i n a n t l y  
b a s a n i t e  and 1b a s a n i t o i d ' ,  w i th  s u b o r d i n a t e  a n k a r m a n i t e  and 
o c e a n i t e «  These l a v a s  o c c u r  i n  f l o w s  of  v a r i a b l e  t h i c k n e s s ,  
f ro m  0*5 t o  20 m* The t h i c k e r  f l o w s  a r e  o f t e n  columnar*
L a c r o i x  (op c i t )  c o n c lu d e d  f rom h i s  d e t a i l e d  p e t r o l o g i c a l  work 
t h a t  t h e  r o c k  t y p e s  have o r i g i n a t e d  as  a  r e s u l t  of  d i f f e r e n t i a t i o n  
and c r y s t a l l i z a t i o n  f rom an a l k a l i n e  p a r e n t  magma*
The age e s t i m a t e d  by W i l l i a m s  (1933)  i s  P l e i s t o c e n e ,  
w i t h  some l a t e  p a r a s i t i c  t u f f  cones  d u r i n g  Recent  t i m e s .
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5*3
T h i s  e s t i m a t e  i s  based  e s s e n t i a l l y  on t h e  e x t e n t  of  e r o s i o n  and 
c o m p a r i s o n  w i th  t h e  Hawai ian  i s l a n d s «  He a l s o  s u g g e s t e d  t h a t  t h e  
S o c i e t y  I s l a n d s  i n c r e a s e  i n  age f rom e a s t  t o  wes t«
5 «3 P a l a e o m a g n e t i c  R e s u l t s
In  o r d e r  t o  r ed u ce  t h e  e f f e c t  o f  low c o e r c i v i t y  
com ponen ts ,  t h e  u s u a l  p r o c e e d u re  was f o l l o w e d  ( S e c t i o n  1*8) 
o f  t r e a t i n g  a l l  spec im ens  i n  150 oe« a l t e r n a t i n g  f i e l d «  The 
d i r e c t i o n s  and i n t e n s i t i e s  o f  a l l  s p e c im e n s ,  b e f o r e  and a f t e r  
t r e a t m e n t ,  a r e  g iv e n  in  Appendix 4 ( a ) ,  and t h e  d i r e c t i o n s  a r e  
p l o t t e d  i n  F i g u r e  5 - i i i *  The s i t e  d i r e c t i o n s  a r e  g i v e n  i n  
T a b le  5-1* I t  i s  e v i d e n t  t h a t  t h e r e  i s  a  ' n o r m a l '  g roup  
o f  d i r e c t i o n s ,  and p o s s i b l y  a ' r e v e r s e d '  g r o u p ,  a l t h o u g h  t h e r e  
i s  a  c o n s i d e r a b l e  s c a t t e r  of  spec im en  d i r e c t i o n s «
Only  f i v e  (8 ,  11, 16, 18,  32) of  t h e  13 s i t e s  w hich  
c a n  be t e s t e d  f o r  s i g n i f i c a n c e  a r e  s i g n i f i c a n t ,  and a l l  f i v e  
a r e  ' n o r m a l ' «  One of t h e  s i g n i f i c a n t  s i t e s  i s  i n  i n t r u s i v e s  
( t h e  o th e r s  a r e  i n  e x t r u s i v e s )  bu t  t h e  i n c l i n a t i o n  i s  p o s i t i v e  
and j u s t  w es t  of  n o r th «  Th is  c o n t r a s t s  w i t h  t h e  s i t e s  i n  
e x t r u s i v e s  which a r e  n e g a t i v e  and e a s t  o f  n o r t h «  The mean 
d i r e c t i o n  o f  t h e  e x t r u s i v e  s i t e s  -
D = 12 I  = -25  R = 3 ®99 k = 237 a = 6 P o l e  78N 77W 
i s  v e r y  much c l o s e r  t o  t h e  i n c l i n e d  g e o m a g n e t i c  d i p o l e  f i e l d  i n  
T a h i t i  ( l 1 « 5 > - 2 5 )  t h a n  t o  t h e  a x i a l  d i p o l e  f i e l d  ( 0 , - 9 )  o r  t h e  
p r e s e n t  g e o m a g n e t i c  f i e l d  ( 13 , - 31)«
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Figure 5 - i i i  ALL TAHITIAN SPECIMEN DIRECTIONS
plo tted  on an equal-area projection
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53
0)-p
s  a>
3  P-(CO CO• • I  N I T I  A L T R E A T E D Pol e
CO E5 53 D I R k D I R  k a Lat.Long*
I n t r u s i v e
1 1 2 ( 32 -48)  - - ( 18 -1 8 )  - -(70N 84W)
2 1 2 ( 46 +42) - - (316 -1 0 )  - -(45N 1 31E)
3 1 2 ( 10 -61)  - - ( 17 -6 7 )  - - (55N 11E)
4 1 2 ( 38 +35) - - ( 35 +17) - - (46N 94W)
5 1 2 ( 12 -21)  - - (174 -1 1 )  - -  (66S 15E)
6 1 1 ( 0 -16)  - - (359 -30 )  - -  (88N 165E)
7 1 2 (178 +19) - - (149 -2 5 )  - - (47S  16V)
8 4 7 357 +16 3*15 4 357 +15 3*20 4 55 65N 157V
9 1 1 ( 13 -35) - - ( 11 -3 5 )  - -(79N 49W)
E x t r u s i v e
10 1 2 (155 +16) - - (156 +20) - -  ( 66S 46W)
11 3 4 16 -12  2*62 5 13 -29  2.95 43 19 77N 67W
12 2 3 -  1.17 - -  1 .15 - -  -
13 1 2 ( 8 -32)  - - ( 7 -21 )  - -  (80N 102W)
14 3 4 -  2.15 - -  1.01 - -
15 1 2 ( 4 -33)  - - ( 8 -36)  - -(82N 38W)
16 2 4 8 -19  1.97 37 8 -24 1-99 80 28 80N 90V
17 3 6 -  1 .62 - -  1 .62  - -  -
18 2 4 -  0 .40 - 18 -27 1 *99 120 23 72N 67W
19 1 2 ( 6 -1 6 )  - - ( 4 -25)  - -(84N 109W)
20 1 1 (352 -10)  - - ( 22 -38 )  - -(69N 46W)
21 1 1 ( 9 -1 6 )  - - (267 -60)  - - (  9N 81E)
22 1 2 (293 -1 2 )  - - (320 -2 )  - -(48N 139E)
23 2 4 -  1.51 - -  1 .09 - -
P.T .O .
Table  5-1 S i t e  D i r e c t i o n s and P o l e s
C a l c u l a t e d  g i v i n g  equal weight  t o  each sample*
T r e a t e d  i n  150 oe* (peak) a l t e r n a t i n g  f i e l d *  
D i r e c t i o n s  and p o le s  a r e  not g iv e n  when th e  r e s u l t a n t  
v e c t o r  (r ) i s  random, and a r e  i n  p a r e n t h e s e s  when 
o n ly  one sample i s  used*
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CO D I R k D I R k a L a t «-Long «
24 2 4 -  0 . 2 2 - - 1 . 0 1 - - -
25 1 1 ( 22 -2 2 )  - - ( 26 - 2 3 )  - - -  ( 64N 68W)
26 1 2 ( 4 -2 2 )  - - (255 +6) - - - ( 1 5 S 119W)
27 1 2 (179 +6) - - (180 +4) - - - ( 7 4 S 30E)
28 2 4 -  1 • 57 - -  1 .5 2 - -  - -
29 1 2 ( 11 -11 ) - - ( 14 - 1 1 )  - - - (72N 99W)
30 2 4 -  0 . 6 0 - - 1 . 0 7 - -  - -
51 3 6 -  2.01 - -  0 . 3 8 - -  - -
32 3 6 20 -1 8  2 .84 13 10 -21 2 .9 9 185 9 78N 93W
33 1 2 (284 +41) - - ( 15 - 3 5 )  - - -  (7 6N 51 w)
T a b l e 5-1 c o n t ’d
5*4 A«C» D e m a g n e t i z a t i o n  and S t a b i l i t y
Two p i l o t  spec im ens  f rom  random s i t e  17 were p a r t i a l l y  
d e m a g n e t i z e d  i n  v a r i o u s  a l t e r n a t i n g  f i e l d s  ( S e c t i o n  1 .8 )  up 
t o  750 oe* ( p e a k ) .  T h e i r  d i r e c t i o n s  and i n t e n s i t i e s  i n  
v a r i o u s  f i e l d s  a r e  g i v e n  i n  Appendix  4 ( b ) ,  and t h e y  a r e  
i l l u s t r a t e d  i n  F i g u r e  5 - iv *  The d i r e c t i o n s  o f  b o th  spe c im e n s  
r e m a in  c o n s t a n t  a f t e r  38 oe (p e a k )  and t h e  i n t e n s i t i e s  d e c r e a s e  
s lo w ly  a s  t h e  a p p l i e d  f i e l d  i s  i n c r e a s e d *  The b e h a v i o u r  of  
t h e s e  p i l o t  spec im ens  i s  s t r o n g l y  i n d i c a t i v e  of  s t a b i l i t y  of  
NRM a f t e r  p a r t i a l  d e m a g n e t i z a t i o n  i n  weak a * c .  f i e l d s .
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DIRECTIONS
APPLIED FIELD (PEAK OERSTEDS)
•  O « 1 1 2  « 3 0 0
▲ 38 & ISO *  4 5 0
V  75 •  225 •  750
SOLID IS POSITIVE HOLLOW IS NEGATIVE
*  DIPOLE NORTH 8 DIRECTION OF MAGNETIC NORTH
CONNECTING LINES DO NOT NECESSARILY FOLLOW THE PATH 
TRACED OUT BY THE DIRECTION BETWEEN STEPS
INTENSITIES
•  70b
A 72a
H a* peak oersteds
Figure 5-iv
AC. DEMAGNETIZATION OF N.R.M-
irf it the observed intensity bio *# Initial intensity
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5*5 Average Intensity and Susceptibility
The intensities and susceptibilities of all specimens, 
before and after treatment, are given in Appendix 4(a) and 
the average values are given in Table 5-2- The average values 
of intensity and their behaviour on partial demagnetization in 
both the intrusive and extrusive specimens is very similar- 
The susceptibility of the extrusive samples is much lower 
than in the intrusives-
Ns i.1 St — 1 Ns
X
Intrusive 21 4-91 2.59 0.53 10 13*12
Extrusive 74 5-46 3-17 0-58 37 2-54
Table 5-2 Average Intensity and Susceptibility
Intensity (m ) and susceptibility (x) in e-m-u-/cm x 10 
i = initial t = treated
N = No- specimens N = No- samplesS O
5-6 Anisotropy of TRM
Two extrusive specimens were given a TRM (Table 5-3)
in the laboratory (Section 1.8) by heating them to 750°C- and
cooling them in the Earth's field at Canberra (11-3, -65*0,
0»59 oe) with their orientation marks in the magnetic meridian-
The directions acquired are identical and both differ from the
0applied field by 4 - however, there is some doubt about the 
accuracy of the measurement of the TRM direction, so although 
anisotropy may be present, the amount is almost certainly less 
than the experimental error-
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5 °7
Site 
No *
Spec • 
No. D I £
18 73b 359 -61 4
32 98a 359 -61 4
Table 5-3 TRM Directions
= angular deviation from the applied field
5*7 Isothermal Remanent Magnetization
Pour specimens were given an IRM in the laboratory
(Section 1 «8) and the maximum remanence (M ), the field— max
required to obtain M (H \ and the coercivity of maximum—max max
remanence (H ) are given in Table 5-4- The H is higher cr cr
in the intrusive specimens and is comparable with other rocks 
known to be stable (Section 1 *5)«
Spec«
No * H cr M— max Hmax
Intrusive N 62a 480 1900 1 200
Int rusive R 47a 575 >2500 >1000
Ext rusive N 44 a 230 >2000 >600
Extrusive R 84 a 1 65 340 1000
Table 5-4 IRM Properties
M in e»m*u*/cm x 10 H in oersteds
5*8 Discussion : Reliability
There does not appear to be a significant amount of 
anisotropy (Section 5*6)* Stability of NRM after partial
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d e m a g n e t i z a t i o n  in  150 oe (peak)  a l t e r n a t i n g  f i e l d  i s  i n d i c a t e d  
by t h e  f o l l o w i n g  p o i n t s
1) A«C. d e m a g n e t i z a t i o n  of  p i l o t  s pec im ens  g i v e s  c o n s t a n t  
d i r e c t i o n s  be tween  38 and 750 oe*
2) High c o e r c i v i t y  o f  maximum remanence  i n  i n t r u s i v e  samples*
3) The mean d i r e c t i o n  of  t h e  f o u r  s i g n i f i c a n t  s i t e s  i n  
e x t r u s i v e s  i s  c l o s e r  t o  t h e  i n c l i n e d  g e o m a g n e t i c  d i p o l e  f i e l d  
i n  T a h i t i  t h a n  t o  t h e  p r e s e n t  g e o m a g n e t i c  f i e l d  (T ab le  5 -5 )*
The s p ec im en  d i r e c t i o n s ,  however ,  a r e  v e r y  s c a t t e r e d  and t h e r e  
a r e  o n ly  f i v e  s i g n i f i c a n t  s i t e s  ou t  o f  13 s i t e s  which a r e  
t e s t a b l e .  The p i l o t  s pec im ens  b o t h  come f rom a random s i t e  
and show h ig h  s t a b i l i t y  i n  a«c* f i e l d s  w hich  s u g g e s t s  t h a t  t h e  
w i t h i n  s i t e  s c a t t e r  i s  c o n s t a n t  and s t a b l e *
The r e a s o n  f o r  t h i s  s c a t t e r  i n  a p p a r e n t l y  s t a b l e  
s am p les  i s  n o t  c l e a r *  I t  may be t h a t  t h e  s pec im ens  u s e d  t o  
t e s t  s t a b i l i t y  a r e  n o t  t y p i c a l  of  t h e  c o l l e c t i o n ,  a l t h o u g h  many 
of t h e  t r e a t e d  d i r e c t i o n s  r em a in  s i m i l a r  t o  t h e i r  o r i g i n a l  
d i r e c t i o n *  I t  i s  p o s s i b l e  t h a t  e i t h e r  t h e  m a g n e t i z a t i o n  was 
a c q u i r e d  d u r i n g  a p e r i o d  of  r e v e r s i n g  f i e l d ,  bu t  t h e  i n d i v i d u a l  
d i r e c t i o n s  w i t h i n  a s i t e  a r e  w id e l y  s c a t t e r e d  s u g g e s t i n g  any 
such  f i e l d  ch a n g e s  must have been  r a p i d ,  o r  t h e  m a g n e t i z a t i o n  
was a c q u i r e d  i n  ze ro  e x t e r n a l  f i e l d  so t h e  s c a t t e r  of  d i r e c t i o n s  
r e f l e c t s  s t a t i s t i c a l  f l u c t u a t i o n s  i n  t h e  n e t  d i r e c t i o n  of  t h e  
randomly  d i r e c t e d  m a g n e t i z a t i o n  of  ea c h  m a g n e t ic  g r a i n *
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5*9 Discussion : Age and Tectonics
Only 'normal' polarity can be distinguished on 
statistical criteria, although there is some indication of a 
'reversed' group whose mean direction cannot be regarded as 
significant. The mean direction of the significant sites is 
much closer to the inclined geomagnetic dipole field in Tahiti 
than to either the present geomagnetic field or axial geocentric 
dipole field in Tahiti (Table 5-5), and this would suggest that 
these sites acquired their magnetization during Recent times, 
but the statistical error, and the few sites upon which the 
estimate is based, means that a Pleistocene age cannot be 
excluded. The similarity of the mean direction with the 
inclined geomagnetic dipole field would also suggest that there 
has been little or no rotation of the island (i«e* less than 
20°) since its formation*
Mean direction of 4 significant 
'normal' extrusives sites
Inclined geomagnetic field in 
Tahiti
Present Earth's field in 
Tahiti
Axial geocentric dipole field 
in Tahiti
D I r  a
1 2 -25 6
11.5 -25 0*5 -
13 -31 6
0 -9 20
Table 5-5 Mean Direction and Dipole Directions in Tahiti
r°= angular deviation from palaeomagnetic direct'n
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6 •  1
BORA BORA -  SOCIETY ISLANDS
6*1 I n t r o d u c t i o n  and Summary
B o ra  Bora  (F ig*  6 - i )  i s  one of  t h e  Leeward I s l a n d s  
o f  t h e  S o c i e t y  Group ( S e c t i o n  5*1)* The i s l a n d  i s  s m a l l  
(25 km')  b e i n g  l e s s  t h a n  10 km* i n  d i a m e t e r *  I t  c o n s i s t s  of  
a  main i s l a n d  and two s m a l l  i s l a n d s ,  Toopua and T o o p u a - i t i ,  
a l l  of  v o l c a n i c  c o m p o s i t i o n ,  s e t  w i t h i n  a l a r g e  r e c t a n g u l a r  
r e e f  w i t h  numerous  low c o r a l  i s l e t s *  On t h e  main i s l a n d  t h e  
most s t r i k i n g  f e a t u r e s  a r e  t h e  two m o u n t a i n s ,  Mts* P a i a  (660 m*) 
and Otemanu ( 1 ,0 3 0  m*) f rom which r a d i a t e  a s e r i e s  o f  r i d g e s  
f o rm in g  p e n i n s u l a s  i n t o  t h e  lagoon*
A t o t a l  of  36 sam p les  were c o l l e c t e d  f rom  4 i n t r u s i v e  
s i t e s  and 22 i n t r u s i v e  s i t e s .  S a m p l in g  d i f f i c u l t i e s  r e d u c e d  t h e  
number of  s a m p le s  w hich  co u ld  be o b t a i n e d  a t  each  s i t e  and on ly  
10 s i t e s  can  be t e s t e d  f o r  s i g n i f i c a n c e , of  which on ly  one i s  
s i g n i f i c a n t .  There  i s  some e v i d e n c e  f o r  s t a b i l i t y  bu t  t h e  
wide  s c a t t e r  p r e v e n t s  f i r m  c o n c l u s i o n s  b e i n g  drawn* The one 
s i g n i f i c a n t  s i t e  i s  ' n o r m a l ' ,  b u t  i t  i s  no t  p o s s i b l e  t o  p l a c e  
r e l i a n c e  on a s i n g l e  s i t e *  There  i s  p o s s i b l y  b o t h  ' n o r m a l '
141
6 . 2
and ' r e v e r s e d '  s i t e s  p r e s e n t ,  a l t h o u g h  t h e  d i r e c t i o n s  a r e  no t  
s i g n i f i c a n t .
6«2 Geology
Bora  Bora  was v i s i t e d  by s e v e r a l  n a t u r a l i s t s  b e f o r e  
t h e  t w e n t i e t h  c e n t u r y ,  bu t  t h e  geo lo g y  was no t  s t u d i e d  i n  
d e t a i l  u n t i l  L a c r o i x  ( 1 9 2 7 ) ,  who o u t l i n e d  t h e  c o m p o s i t i o n  of  
t h e  r o c k s ,  and S t a r k  and Howland ( 1 9 4 1 ) ,  who gave a more 
d e t a i l e d  a c c o u n t  o f  t h e  p e t r o l o g y  and g e o l o g i c a l  h i s t o r y .
Bora  Bora  i s  o b v i o u s l y  o l d e r  t h a n  T a h i t i ,  t h e  e r o s i o n  
i s  much more advanced  and t h e  r e e f  i s  e x t e n s i v e «  On t h e  b a s i s  
of a P l e i s t o c e n e  age f o r  T a h i t i  (W i l l i a m s  1 9 3 3 ) ,  S t a r k  and 
Howland (1941) c o n c l u d e d  t h a t  Bora  Bora  was o f  La te  P l i o c e n e  -  
E a r l y  P l e i s t o c e n e  a g e .  In  my o p i n i o n ,  b a s e d  on t h e  e x t e n t  
of  e r o s i o n  and r e e f  deve lopm en t  compared w i t h  t h e  Samoan and 
Haw ai ian  I s l a n d s ,  t h e  i s l a n d  i s  o l d e r  t h a n  t h i s ,  and p r o b a b l y  
d o es  not  e x t e n d  i n t o  t h e  P l e i s t o c e n e *
The v o l c a n i c  p a r t  o f  t h e  i s l a n d  c o n s i s t s  of  a  s e r i e s  
o f  b a s i c  l a v a s  and a  s e r i e s  o f  v e r t i c a l  d y k e s .  The l a v a s  a r e  
a l l  d i p p i n g  q u a q u a v e r s a l l y  f rom t h e  w e s t e r n  l a g o o n  and t h e  
dykes  a r e  r a d i a l  to  t h i s  a r e a  -  s u g g e s t i n g  t h e  o r i g i n a l  c r a t e r  
was i n  t h i s  r e g i o n .  The dome h a s  s i n c e  b e e n  c u t  by f a u l t i n g ,  
t h e  w e s t e r n  s i d e  h a v i n g  d ropped  some 600 m. and i s  now r e p r e s e n t e d  
by t h e  two s m a l l  i s l a n d s  o f  Toopau and T o o p a u - i t i .  The l a v a s  
a r e  m o s t l y  b a s a l t i c ,  c o n t a i n i n g  p h e n o c r y s t s  of  o l i v i n e  and
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a u g i t e , a l t h o u g h  some a r e  non—p o r p h y r i n i c • They a r e  g e n e r a l l y
t h i n ,  r a r e l y  e x c e e d i n g  3m. i n  t h i c k n e s s ,  and a r e  u s u a l l y  
v e s i c u l a r .  Many of t h e  l a v a s  a r e  w e a th e re d  o r  have been  
p a r t i a l l y  metamorphosed  by t h e  i n t r u s i o n  of  numerous dykeS '
The d y k es  a r e  n a r ro w ,  a v e r a g i n g  0*5 m., and a r e  a lm o s t  a l l  
v e r t i c a l ,  a l t h o u g h  a  few have formed s i l l s  p a r a l l e l  t o  t h e  
d i p  of  t h e  l a v a s *  The t h i c k e s t  dyke i s  some 30 m* wide on t h e  
i s l a n d  of  Toopau,  b u t  t h i s  i s  v e ry  much t h i c k e r  t h a n  o t h e r  
dykes  and i s  a l s o  anomolous  i n  o e in g  c o a r s e  g r a i n e d *
6*3 P a l a e o m a g n e t i c  R e s u l t s
In  o r d e r  t o  r e d u c e  t h e  e f f e c t  of  u n s t a b l e  com ponents ,  
a l l  s p e c im e n s  have  been  p a r t i a l l y  d e m a g n e t i z e d  ( S e c t i o n  1 .8 )  
i n  150 oe ( p e a k j  a l t e r n a t i n g  f i e l d *  The i n t e n s i t i e s  and 
d i r e c t i o n s  of  a l l  s p e c im e n s ,  b o t h  b e f o r e  and a f t e r  t r e a t m e n t ,  
a r e  g i v e n  i n  Appendix 5 (a )  and t h e  d i r e c t i o n s  a r e  p l o t t e d  i n  
F i g u r e  6 - i i .  The mean s i t e  d i r e c t i o n s  a r e  g i v e n  i n  T a b le  6 - 1 .
Both  t h e  i n i t i a l  and t r e a t e d  spec im en  d i r e c t i o n s  show 
a v e ry  wide s c a t t e r ,  b u t  on ly  a few spec im ens  show any g r e a t  
change  i n  d i r e c t i o n  on t r e a t m e n t .  T h ree  spe c im e n s  (6b ,  18a,  18b) 
show marked in h o m o g e n e i t y  d u r i n g  measurement ( i * e *  t h e  d i f f e r e n c e  
be tw een  t h e  m e asu re m en ts  of  i n t e n s i t y  and d i r e c t i o n  of  t h e  
spec im ens  i s  m arked ly  d i f f e r e n t  a f t e r  t h e  spec im en  has  been  
i n v e r t e d  i n  t h e  m agne tom eter )*  There  i s  some s u g g e s t i o n  of  
a  ' n o r m a l '  and ' r e v e r s e d '  g r o u p i n g ,  a l t h o u g h  t h i s  i s  no t
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CO«
0
CO•
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I N I  T I  A L T R E A T E D Po l e
CO S3 5 s D 5 R k D I R  k a L a t . Long.
E x t r u s i v e
1 2 4 - -  1 .1 9 - _ 1 .01  -  -  - -
2 1 2 (180 +2 3 ) - - (182 +20) -  -  - ( 8 3 S 45W)
3 1 1 (171 +2 9 ) - - (174  +41) -  -  - (81S 114W)
4 1 2 (353 - 4 1 )  - - ( 2 - 4 9 )  -  -  - (77N 21E)
I n t r u s i v e
5 2 4 - -  1 *91 - _ 1 .9 1  -  -  - -
6 2 4 - -  1 *89 - _ 1 . 8 9  -  -  - -
7 2 4 - -  1 *47 - 6 - 2 9  1 *97 38 42 84N 74W
8 2 4 - -  1 .21 - _ 1 .14  -  -  - -
9 1 1 (187 +2 0 ) - - (177 +20) -  -  - ( 8 3 S 3E)
10 1 2 (150 +7) - - ( 64 -1 6) -  -  - (2 7 N 61W)
11 1 2 ( 35 +1) - - ( 47 +3) -  -  - (4 0 N 78 W)
12 2 3 - -  1 .80 - _ 1 . 7 6  -  -  - -
13 2 2 - -  1 .87 - _ 1 . 90  -  -  - -
14 1 2 ( 67 +27) - - inhomogeneous
15 1 2 (192 +3 7 ) - - (188 +42) -  -  - ( 7 9 S 165W)
16 1 2 (148 - 3 8 )  - - (151 - 3 8 )  -  -  - ( 4 3 S 10W)
17 1 2 (160 + 20) - - (160 - 3 8 )  -  -  - ( 4 8 S 0 )
18 1 2 (137 - 5 8 ) - - (148 - 6 0 )  -  -  - ( 2 5 S 2E)
19 2 3 - -  1 *94 - _ 1 . 5 8  -  -  - -
20 1 2 ( 93 +26) - - ( 97 +19) -  -  - (  9S 69W)
21 2 4 - -  0 *48 - -  0 . 7 9  -  -  - -
22 1 2 (181 +3 1 ) - - (188 +47) -  -  - (76S 177E)
23 2 3 - -  1 .26 - _ 1 .03  -  -  - -
24 1 1 (291 - 4 6 )  - - (338 - 5 5 )  -  -  - (63N 71E)
25 1 2 (197 +46) - - (200 +48) -  -  - ( 68S 1 55W)
26 1 1 (272 - 6 )  - - (277 - 8 )  -  -  - (  8N 116E)
T a b le  6-1 S i t e  D i r e c t i o n s  and P o l e s
C a l c u l a t e d  g i v i n g  e q u a l  w e ig h t  t o  eac h  sample* T r e a t e d  i n  
150 oe* (peak )  a l t e r n a t i n g  f i e l d *  D i r e c t i o n s  and p o l e s  no t  
g i v e n  where r e s u l t a n t  v e c t o r  (r ) i s  random, and a r e  i n  
p a r e n t h e s e s  when o n l y  one sam p le  i s  used*
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s i g n i f i c a n t  and i s  l e s s  e v i d e n t  a f t e r  t r e a t m e n t .
6«4 A»C« D e m a g n e t i z a t i o n  and S t a b i l i t y
Two p i l o t  s pec im ens  f rom random s i t e  21 ( i n t r u s i v e )  
were  s u b j e c t e d  t o  p a r t i a l  d e m a g n e t i z a t i o n  i n  v a r i o u s  a l t e r n a t i n g  
f i e l d s  ( S e c t i o n  1 . 8 )  up t o  a maximum of  750 oe* The i n t e n s i t i e s  
and d i r e c t i o n s  a r e  g i v e n  i n  Appendix  5(b)  and t h e y  a r e  i l l u s t ­
r a t e d  i n  F i g u r e  6 - i i i .  The d i r e c t i o n s  of  b o th  spec im ens  
r e m a in  e s s e n t i a l l y  t h e  same be tw ee n  75 oe and 450 oe a f t e r  which  
t h e y  b e g i n  t o  s c a t t e r .  The d i r e c t i o n  o f  spec im en  30a a f t e r  
t r e a t m e n t  i n  150 oe* i s  t h o u g h t  t o  be due t o  a measurement e r r o r  
r a t h e r  t h a n  t o  be a r e a l  d e v i a t i o n  f rom t h e  c o n s t a n t  d i r e c t i o n .  
The i n t e n s i t y  t e n d s  to  d e c r e a s e  f a i r l y  q u i c k l y  a s  t h e  a p p l i e d  
f i e l d  i s  i n c r e a s e d ,  s u g g e s t i n g  a f a i r l y  l a r g e  low c o e r c i v i t y  
component  i n  t h e  i n i t i a l  m easu rem en ts  of  MM. The b e h a v i o u r  
o f  t h e  d i r e c t i o n s  of  t h e s e  p i l o t  spec im ens  s u g g e s t s  t h a t  t h e  
NRM d i r e c t i o n  a t  150 oe w i l l  be s t a b l e  and t h a t  low c o e r c i v i t y  
com ponen ts  w i l l  be n e g l i g i b l e  a f t e r  t r e a t m e n t  i n  t h a t  f i e l d .
6»5 Average I n t e n s i t y  and S u s c e p t i b i l i t y
The i n d i v i d u a l  spec im en  v a l u e s  of  i n t e n s i t y  and 
s u s c e p t i b i l i t y  a r e  g i v e n  i n  Appendix 5 (a )  and t h e  a v e r a g e  v a l u e s  
a r e  g i v e n  i n  T a b l e  6 - 2 .  The i n i t i a l  i n t e n s i t i e s  a r e  s i m i l a r  
b u t  t h e  d e c r e a s e  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n  i s  much g r e a t e r  
i n  t h e  i n t r u s i v e  spe c im e n s  t h a n  i n  t h e  e x t r u s i v e s *
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Ns M.—l V'  M .—i NS X
E x t r u s i v e s 9 10 .67 9*17 0 . 8 6 5 1 -77
I n t r u s i v e s 54 13*71 5-68 0.41 29 0 . 8 6
T a b le  6-2  Average  I n t e n s i t i e s  and S u s c e p t i b i l i t i e s
I n t e n s i t y  ( m) and s u s c e p t i b i l i t y  (x)  i n  e«m.u</cm3 x 1Ö3
N = n o . o f  s p ec im en s  N = no .  of  sampless o
i  = i n i t i a l  t  = t r e a t e d
6 » 6 A n i s o t r o p y  of  TRM
Two e x t r u s i v e  s p e c im e n s  were g i v e n  a TRM ( S e c t i o n  1 .8 )  
i n  t h e  l a b o r a t o r y  by h e a t i n g  t o  750°C.  and c o o l i n g  i n  t h e  E a r t h ' s  
f i e l d  a t  C a n b e r r a  ( l l » 3 ,  - 6 5 * 0 ,  0*59 oe) w i t h  t h e i r  o r i e n t a t i o n  
i n  t h e  m a g n e t i c  m e r id ia n *  T he re  i s  some doubt about  t h e  
a c c u r a c y  of  t h e  measurement of t h e  a c q u i r e d  d i r e c t i o n  b u t  t h e  
d i f f e r e n c e  be tw ee n  them and t h e  a p p l i e d  f i e l d  i s  w e l l  w i t h i n  
t h e  e x p e r i m e n t a l  l i m i t s  and t h e  spec im ens  a r e  p r o b a b l y  i s o t r o p i c *
S i t e Spec • D I <
1 ( n ) 7a 358 -67 2
21 ( r ) 31a 356 -64 2
T a b l e  6-3 TRM D i r e c t i o n s
&°= a n g u l a r  d e v i a t i o n  from a p p l i e d  f i e l d
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6*7 I s o t h e r m a l  Remanent M a g n e t i z a t i o n
P o u r  spec im ens  were g i v e n  an  IRM i n  t h e  l a b o r a t o r y
( S e c t i o n  1 .8 )  and t h e  maximum remanence  (M ) ,  t h e  f i e l d-max
r e q u i r e d  t o  p ro d u c e  M (H ) ,  and t h e  c o e r c i v i t y  of  maximum—max max
rem anence  (H ) were d e t e r m i n e d  (T a b l e  6 -4 )«  The H i s  h igh  c r  c r
i n  a l l  s p e c im e n s ,  s u g g e s t i n g  t h e  spe c im e n s  w i l l  be s t a b l e  
( s e c t i o n  1*5) •
S i t e Spec • Hc r M—max Hmax
E x t r u s i v e N 4 32b 570 3000 1000
E x t r u s i v e R 2 23b 360 2000 600
I n t r u s i v e N 5 2a 675 350 1500
I n t r u s i v e R 15 19b 550 350 1000
T a b l e  6-4 IRM P r o p e r t i e s
__3
I n t e n s i t y  ( m) i n  e . m . u . / c n r ’x 10 F i e l d  (h ) i n  o e r s t e d s
6 . 8  D i s c u s s i o n  : R e l i a b i l i t y
S t a b i l i t y  of  NRM a f t e r  t r e a t m e n t  i n  150 oe a l t e r n a t i n g  
f i e l d  i s  s u g g e s t e d  by t h e  wide r a n g e  of  a p p l i e d  f i e l d  o v e r  which 
t h e  p i l o t  s p e c im e n s  show c o n s t a n t  d i r e c t i o n s ,  and a l s o  by t h e  
h i g h  c o e r c i v i t y  of  maximum remanence* The l a c k  of i n t e r n a l  
w i t h i n  and be tw e e n  s i t e  c o n s i s t e n c y ,  how ever ,  means t h a t  t h e  
d i r e c t i o n s  c a n n o t  be c o n s i d e r e d  r e l i a b l e  as  i n d i c a t o r s  of  p a s t  
s t e a d y  m a g n e t i c  f i e l d s .  The one s i g n i f i c a n t  s i t e  d i r e c t i o n  
( 6 , - 2 9 )  i s  i n t e r m e d i a t e  b e tw ee n  t h e  a x i a l  d i p o l e  f i e l d  ( 0 , - 3 0 ) ,
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the inclined geomagnetic dipole field (11,-23) and the present 
geomagnetic field (12,~30) in Bora Bora* However, little or no 
reliance can be put on a single site*
6*9 Discussion : Age and Tectonics
In view of the doubtful reliability, few conclusions 
can be drawn from these results* The 'normal' site could 
belong to any Late Cainozoic normal polarity zone* However, 
the closeness of the site's direction to the axial dipole
field, etc*, suggests that there has been no rotation of the
/ o  \site (less than 10 ) *
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Chapter 7
RAROTONGA - COOK ISLANDS
7»1 Introduction and Summary
The Cook Islands consist of some 15 islands, totalling
2520 km • The islands vary in composition from mainly volcanic 
to coral reefs (Fig* 7-i)• Rarotonga is the largest island 
(250 km2) and the administrative centre* It has an extremely 
rugged appearance as numerous peaks rise over 500 m*, but the 
highest point, Te Manga, only reaches 640 m. The island is 
small, consisting of a very mountainous central volcanic zone 
surrounded in order by a wide swampy area (c. 300 m. wide), a 
raised beach at 3.7 m., and an extensive fringing reef*
A total of 13 samples were obtained from 9 sites in 
intrusives and extrusives, and two sites within a rock which 
contains a large quarry. An additional 24 samples were 
obtained at intervals across three working faces of the quarry* 
All the sample directions are 'reversed', but only the sites in 
the quarry rock are regarded as reliable*
1 52
7 -2
7*2 Geology  and S am pl ing
The most d e t a i l e d  g e o l o g i c a l  work p u b l i s h e d  i s  by 
M a r s h a l l  ( 1 9 3 0 ) ,  bu t  t h e  dense  v e g e t a t i o n  and s t e e p - s i d e d  
v a l l e y s  makes a c c e s s  d i f f i c u l t  and M a r s h a l l  was on ly  on t h e  
i s l a n d  f o r  a  v e r y  s h o r t  p e r i o d -  The g e o l o g i c a l  s k e t c h  map 
p ro d u c e d  by M a r s h a l l  i s  no t  g i v e n  h e r e -
Most of  t h e  p rom inen t  peaks  a r e  fo rmed  o f  b a s a l t i c  
s c o r i a e  and t u f f s ,  a l t h o u g h  t h e  commonest rock  t y p e  i s  
p h o n o l i t e -  B a s a l t i c  l a v a s  and dykes  a r e  known t o  e x i s t ,  bu t  
o n ly  a few have been  o b s e r v e d  i n  s i t u -
The age of  t h e  i s l a n d  i s  n o t  known a c c u r a t e l y -  The 
e s t i m a t e s  g i v e n  by M a r s h a l l  a r e  b a s e d  oh com p ar i so n  of  t h e  
e x t e n t  o f  e r o s i o n  w i t h  t h a t  of  o t h e r  i s l a n d s .  The e r o s i o n  
on R a r o t o n g a  i s  r e p o r t e d  t o  be more advanced  t h a n  on Mangaia 
which  i s  known t o  be p r e - m i d d l e  Miocene i n  age a s  f o s s i l s  of  
m i d d le  Miocene  age a r e  p r e s e n t  i n  r a i s e d  l i m e s t o n e *  Compar ison  
w i t h  t h e  H aw a i ia n  I s l a n d s ,  however ,  l e d  M a r s h a l l  t o  t h e  c o n c l u s i o n  
t h a t  t h e  age o f  R a r o t o n g a  i s  s i m i l a r  to  t h a t  of  Oahu,  w h ich  i s  
o f  P l i o c e n e  age -  My own e s t i m a t e ,  b a s e d  on c o m p a r i s o n  of  
e r o s i o n ,  r e e f  d e v e lo p m e n t ,  e t c « ,  would a l s o  s u g g e s t  a  P l i o c e n e  
age •
Most sam ples  were t a k e n  f rom  t h e  P u b l i c  Works Dept* 
q u a r r y  w h ich  i s  t h o u g h t  t o  be i n  a dyke ,  a l t h o u g h  t h e  m a rg in s  
have n o t  been  l o c a t e d -  Samples  were  t a k e n  a t  i n t e r v a l s
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CO
CD
rH CO
• P h O
O  S  CDs cö a
0-P•H
CO
•o
CO
•o
I N I T I A L T R E A T E D Pole
CO S3 *3 D I R k D i R k a Lat<►Long•
1 2 4 - 1 »74 - - - 1.16 - - -
2 1 2 (229 + 21) - - (233 + 19) - -(38S 106E)
3 1 2 (171 +44) - - (141 +50) - -(533 93W)
4 1 2 (200 + 63) - - (355 +26) - — (5 5 N 1 69W)
5 1 2 (132 + 65) - - (266 + 52) - - (1 4S 140E)
6 1 1 (172 +40) - - (183 +30) - -(84S 50E)
7 1 2 (252 + 61) - - (210 +57) - -(60S 149E)
8 1 2 (176 + 57) - - (178 + 61) - -(70S 155W)
9 1 2 (196 +43) - - (198 +40) - -(74S 11 8E)
10 2 2 - 1 »67 - 151 +49 1 .98 41 40 63S 95W
11 1 1 (204 +77) - - (179 +50) - -(80S 155W)
1 2 24 24 197 +49 18.63 4 183 +49 22.29 13 8 81S 180
Table 7-1 Site Directions and Poles
Treated in 150 oe (peak) alternating field 
Calculated giving equal weight to each sample 
Directions and poles of random sites are not given, 
and are in parentheses when only one sample 
is used»
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7-3
a c r o s s  t h e  q u a r r y  f a c e s  i n  t h e  hope of  o b t a i n i n g  a p i c t u r e  
o f  t h e  s e c u l a r  v a r i a t i o n  a s  t h e  dyke c o o l e d  ( S e c t i o n  15*5) •
F o r  t h i s  p u r p o s e ,  s am p les  were t a k e n  a p p r o x i m a t e l y  ev e ry  m e tre  
b u t  s a m p l in g  d i f f i c u l t i e s  made t h e  i n t e r v a l s  v e r y  v a r i a b l e *
7 »3 P a la eo m ag n e t i c  R e s u l t s
In  o r d e r  t o  r e d u c e  t h e  e f f e c t  o f  low c o e r c i v i t y  
com ponen ts ,  a l l  spec im ens  were t r e a t e d  i n  150 o e .  a l t e r n a t i n g  
f i e l d  ( S e c t i o n  1 . 8 ) .  The i n t e n s i t i e s  and d i r e c t i o n s  a r e  g i v e n  
i n  Appendix 6 ( a ) ,  b e f o r e  and a f t e r  t r e a t m e n t ,  and t h e  d i r e c t i o n s  
a r e  p l o t t e d  i n  F i g u r e  7 - i i *  The s i t e  d i r e c t i o n s  a r e  g iv e n  
i n  T a b l e  7-1» A l l  t r e a t e d  spec im en  d i r e c t i o n s ,  w i t h  one 
e x c e p t i o n ,  have p o s i t i v e  i n c l i n a t i o n s ,  and a l l  b u t  s i x  a r e  
s o u t h e r l y .  The spec im ens  f rom  t h e  q u a r r y  show a t i g h t ,  
' r e v e r s e d '  g roup  and most o t h e r  s pec im ens  a r e  m a g n e t i z e d  
i n  t h e  same g e n e r a l  d i r e c t i o n *
7 «4 A.C » D e m a g n e t i z a t i o n  and S t a b i l i t y
Two p i l o t  spe c im e n s  f rom  t h e  c e n t r e  of  t h e  q u a r r y  and 
two p i l o t  s pec im ens  f rom  l a v a s  ( s i t e s  6 and 7) were s u b j e c t e d  
t o  p a r t i a l  d e m a g n e t i z a t i o n  i n  v a r i o u s  a l t e r n a t i n g  f i e l d s  
( S e c t i o n  1 . 8 )  up t o  750 oe* ( p e a k ) .  The i n t e n s i t i e s  and 
d i r e c t i o n s  a r e  g i v e n  i n  Appendix 6 ( b ) .  The d i r e c t i o n s  a r e  
p l o t t e d  on F i g u r e  7 - i i i  and t h e  n o r m a l i s e d  i n t e n s i t i e s  a r e  
g r a p h e d  i n  F i g u r e  7 - i v *
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QUARRY
Figure 7-iii
A.C. DEMAGNETIZATION OF N.R.M ( d ir e c t io n s )
APPLIED FIELD (PEAK OERSTEDS)
•  O « 1 1 2  « 300
A  36 « I S O  V 45 0
▼ 75 •  225 •  750
ALL POSITIVE
X DIRECTION OF MAGNETIC SOUTH 
*  - DIPOLE
CONNECTING LINES OO NOT NECESSARILY FOLLOW THE PATH 
TRACED OUT BY THE DIRECTION BETWEEN STEPS
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LAVAS
QUARRY
H peak o e rs te d s
F ig u r e  7 - i v
A.C. DEMAGNETIZATION OF N.R.M. ( i n t e n s i t i e s )
M to til« • b u m !  in tensity  U« I* tu «  Initial Intensity
A l l  i l o t  a , 'üc i  ..;n£ show s i m i l a r  b e h a v io u r*  The 
d i r e c t i o n s  r jn iai i i  c o n s t a n t  be tw een  33 0 3 * and a t  l e a s t  450 oe* 
i'ee i  d e n s i t y  dec ree .sos  g r a d u a l l y  a t  f i r s t ,  e x c e p t  7 a ,  and t h e n
more r a p i d l y  u n t i l  a minimum i n t e n s i t y  i s  r e a c h e d  a t  approx im ­
a t e l y  450 oe* Specimen 7a  shows a more r a p i d  d e c r e a s e  i n  
i n t e n s i t y  and i s  a l s o  t h e  f i r s t  p i l o t  s p ec im en  t o  b e g i n  
p o t t e r i n g  i n  d i r e c t i o n  a s  t h e  a p p l i e d  f i e l d  i s  i n c r e a s e d *
These  s pec im ens  i n d i c a t e  t h a t  t h e  NRM i s  s t a b l e  
a f t e r  t r e a t m e n t  i n  150 oe a l t e r n a t i n g  f i e l d ,  a l t h o u g h  some 
spec im ens  have  a c o e r c i v i t y  of  NRM lo w e r  t h a n  t h e  rem a inde r*
7*5 A verage  I n t e n s i t y  and s u s c e p t i b i l i t y
The i n t e n s i t y  and s u s c e p t i b i l i t y  of  a l l  s p e c im e n s ,  
b e f o r e  and a f t e r  t r e a t m e n t ,  a r e  g i v e n  i n  Appendix  6 (a )  and 
t h e  a v e r a g e  v a l u e s  a r e  g i v e n  in  T a b l e  7-2*
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Ns M . — i
M /
fit ~ 7 m . —1 Ns
X
Quarry Rock 27 0.031 0.020 0.65 3 0.03
All other sites 19 oCM• 1 .37 0.43 10 4-74
Table 7-2 Average Intensity and Susceptibility
Intensity(M) and susceptibility(x) in e.m.u./cc x 10 
i = initial t = treated
N = No. specimens N = No. samples s O
The quarry rock has a much lower intensity and 
susceptibility than other rocks sampled. This may indicate 
a lower ferromagnetic content in the quarry rock*
7»6 Anisotropy of TRM
Two specimens were given a TRM (Table 7-3) in the
olaboratory by heating to 750 C* and cooling in the Earth's 
field at Canberra (ll»3> -65»0, 0*59 oe*) with their orient­
ation marks in the magnetic meridian* There is some doubt 
about the accuracy of the measurement of the direction acquired, 
but the deviation from the applied field is close to the 
experimental error and there is probably little or no anisotropy 
present. The intensities acquired by the two specimens are 
markedly different, and this may reflect a low ferromagnetic 
content in the quarry rock.
Spec • M D I i
Lava 8a 16.25 0 -60 5
Quarry 18a o .31 357 -60 5
Table 7-3 TRM Properties
M in e.m.u./cm^x 103 £ = angular deviation from applied field
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7 »7 Isothermal Remanent Magnetization
Two quarry rock specimens were given an IRM in the
laboratory (Section 1.8) and the maximum remanence (M ), the—max
field required to produce M (H ), and the coercivity ofmax max
maximum remanence (H ) were determined (Table 7-4)* The Hcr cr
is moderate and cannot be used as a stability guide (Section 1«5)
Spec * H M Hcr ~max max
30a 270 0.8 1300
17a 225 3*0 1 200
Table 7-4 IRM Properties
/ *5 -3M in e.m.u./cm x 10 H in oersteds
7«8 Discussion : Reliability
Stability, after treatment in 150 oe alternating 
field, is indicated in the quarry samples by the tight grouping 
of 'reversed' directions, and the large deviation of the mean 
direction from the present field in Rarotonga. A*C demagnet­
ization of pilot specimens suggests good stability in the 
region o£ 1 50 oe. in both quarry and other sites* Samples 
obtained away from the quarry, however, show a fairly large 
scatter of directions, although all are reversed* Anisotropy 
may be present but is small*
The quarry rock sites are therefore regarded as more 
reliable than a combination of other sites (Table 7-5)*
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Samps.
Sites Specs D• I R k a
Pole
Lat.Long.
Quarry rock sites 26 27 27 00 +47 24.20 9 10 82S 178E
Other sites 9 10 19 225 +57 6.78 3 36 48S 143E
Table 7-5 Combined Site Directions and Poles
Giving equal weight to each site after treatment 
in 150 oe. alternating field
7 »9 Discussion : Age and Tectonics
The similarity of sample directions suggests that 
all sites sampled cooled during the same polarity zone* The 
mean direction of the quarry rock sites is 'reversed' but if 
considered irrespective of sign, it is close to the inclined 
geomagnetic dipole field and the present Earth's field in 
Rarotonga (Table 7-6)- This suggests a Late Cainozoic age is 
more likely than Early Cainozoic or Mesozoic, although such
early ages cannot be excluded. As the age is not known well
rotational effects cannot be determined, although it appears
that they are not large if present•
D i a £ i .  £
# p 1 aQuarry rock sites 3 -47 10 12 15 37
Axial Dipole field (a) in Rarotonga (0, — 11)
Inclined Geomagnetic field (i) in Rarotonga (12,-33) 
Present Earth's field (p) in Rarotonga (14,-39)
Table 7-6 Comparison with Dipole Fields
£= angular deviation * irrespective of sign
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Chapter 8
THE SAMOAN ISLANDS
8.1 Introduction and Summary
The Samoan Islands (Fig* 8-i) are divided into two 
political units, American or Eastern Samoa and Western Samoa.
gAmerican Samoa consists of the island of Tutuila ( 130 km ) 
and several smaller volcanic and limestone islands, while 
Western Samoa comprises the two islands of Upolu (1,100 km2) 
and Savai'i (1,800 km2) and a few small volcanic and limestone 
islands•
A total of 110 samples were collected from 60 sites, 
only one of which was in a dyke, all others being in lava flows. 
At 35 sites, only one sample could be obtained, and of the 
remainder, only 16 have significant directions after partial 
demagnetization in 150 oe* (peak) alternating field. The 
specimen directions, as a whole, are widely scattered, although 
they usually fall into the northern or southern hemisphere, on an 
equal-area projection, for any individual formation*
The specimens are of variable stability, and little 
reliance can be placed on most site directions, with the
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exception of 16 significant sites. These sites show 'normal' 
and 'reversed' polarities which are, within the statistical 
limits, exactly opposed, and their mean directions, irrespective 
of sign, are close to that of the Barth's magnetic field in 
Samoa* The presence of a level of reversal is taken to 
indicate a Late Pliocene - Early Pleistocene age for most of 
the rocks of Eastern Samoa, and younger ages for rocks in 
Western Samoa* This is consistent with the geological evidence 
although slight modifications to the stratigraphy are suggested 
as a result of this study.
8.2 Geology : General
The islands have been visited by several geologists 
in the last 100 years, but no detailed work was published until 
Daly (1924) reported his observations in American Samoa* Daly's 
work was amplified and the geological succession determined by 
Stearns (1944), who also made brief notes on the formations of 
Western Samoa* Macdonald (1944) described the petrology of 
the samples collected by Stearns* In Western Samoa, the only 
detailed published work is by Kear and Wood (1959)•
A possible correlation table, based on this published 
data, is presented in Table 8-1 and an outline of the geology 
and sampling sites is given in Figure 8-i*
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8-3
G e o l o g i c a l
P e r i o d
H i s t  o r i c
P o s t -  
G l a c i a l
E a s tern  Samoa 
T u t u i l a
Leone^
Western Samoa
Last  G l a c i a l  
Last
I n t e r - g l a c i a l
Upolu
Puapua 
Lefaga  
Mulifanua  
S a l a n i
S a v a i ' i  
Aopo 1905-11  
Aopo c* 1760 
Puapua
Muli fanua  
S a l a n i
/‘Taputapu
Late
P l e i s t o c e n e  <
and
P l i o c e n e
Pago I n t r a c a l d e r a  Upper P aga loa  (s ^
p a g a lo aPago E x tr a c a l d e r a  Lower P a g a lo a
Alofau  
Olomoana
iMasefau Dyke Complex
Table  8-1 A P o s s i b l e  C o r r e l a t i o n  Table of  V o lca n ic  Pormations
Based on S t e a r n s  (1944) and Kear and Wood (1959)
(0 C o r r e la t e d  by me on b a s i s  of  morphology,  e tc*
(1) S u b d i v i s i o n  a cco r d in g  to  Kear ( p e r s o n a l  communication)  
(j) Taputapu i s  probably  o l d e r  than the  P ag a lo a  form at ion  
on t h e  pa laeom agn et ic  ev idence  
P a g a lo a  ( S a v a i 1i )  i s  younger  than at l e a s t  Lower
P a ga loa  (Upolu) on pa laeom agn et ic  e v id e n c e
8«3 Geology : E a s te r n  Samoa
The Masefau Dyke Complex, which in c l u d e s  l a v a s  as w e l l  
as  d y k es ,  i s  thought  t o  be th e  o l d e s t  f orm at ion  on T u t u i l a ,  
a l th o u g h  i t s  r e l a t i o n s h i p  with  th e  Olomoana and Alofau fo r m a t io n s  
i s  not known* The Olomoana and Alofau fo r m a t io n s  are  thought  
to be contemporaneous a l though  a c t i v i t y  ceased  f i r s t  i n  th e  
Olomoana reg ion*  The Pago fo r m a t io n  o v e r l a p s  th e  A lofau  l a v a s ,
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and consists of two units ; the extracaldera unit being separ­
ated from the younger intracaldera unit by a strong discordance 
or fault zone which is believed to mark the old caldera wall.
The Taputapu formation is probably older than the Pago formation 
as it is less dissected, but its relationship with the pre- 
ceeding formations is not clear* The lavas of the Leone formation 
are undoubtedly the youngest igneous rocks on the island as the 
formation still includes superficial cinder cones, and has only 
a thin soil cover and no fringing reef. In composition, the 
predominant rock type is olivine basalt, although rocks varying 
from picrite to andesite are found, particularly in the Pago 
intracaldera unit.
8*4 Geology : Western Samoa
The formations on the islands of Upolu and Savai'i 
were both mapped at the same time (Kear and Wood 1959); the 
correlation between the two islands being on the basis of soil 
thickness, erosion and the extent of fringing reef.
The oldest formation, the Pagaloa formation, outcrops 
on both islands, although it is possible that on Upolu the form­
ation can be divided into a younger and older sequence (Kear, 
personal communication). This formation was subjected to 
considerable erosion prior to the eruption of the Salani formation 
which was followed in comparatively quick succession by the 
Mulifanua, Lefaga and Puapua formations. The youngest formation
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i s  t h e  Aopo f o r m a t i o n ,  which c o n s i s t s  of  two f l o w s ,  one 
o c c u r r i n g  i n  a b o u t  1760 (Thomson 1927) and t h e  o t h e r  d u r i n g  
1905-11« In  c o m p o s i t i o n ,  a l l  t h e  i g n e o u s  f o r m a t i o n s  of  
W e s t e r n  Samoa a r e  p r e d o m i n a n t l y  o l i v i n e  b a s a l t  a l t h o u g h  t h e  
c o m p o s i t i o n  r a n g e s  f rom  p i c r i t e  t o  t r a c h y t e *
8*5 Geo logy : Age and C o r r e l a t i o n
The a g e s  of  t h e  i g n e o u s  f o r m a t i o n s  on t h e s e  i s l a n d s  
a r e  n o t  known a c c u r a t e l y ,  e x c e p t  t h e  Aopo f o r m a t i o n  ( S a v a i ' i )  
w hich  i s  of  H i s t o r i c  age* E a r l i e r  f o r m a t i o n s  a r e  c o r r e l a t e d  
on t h e  b a s i s  o f  s u p e r p o s i t i o n  and t h e  e x t e n t  of  e r o s i o n  
a s s o c i a t e d  w i t h  v a r i o u s  b a s e  l e v e l s  a t t r i b u t e d  t o  e u s t a t i c  
c h a n g e s  o f  s e a  l e v e l  d u r i n g  t h e  P l e i s t o c e n e *  Kear and Wood 
(1959)  c o n c l u d e d ,  on t h i s  b a s i s ,  t h a t  t h e  F a g a l o a  f o r m a t i o n s  
were e x t r u d e d  p r i o r  t o  t h e  p e n u l t i m a t e  g l a c i a t i o n *  S t e a r n s  
(1944)  c o n c l u d e d  t h a t  t h e  Pago f o r m a t i o n  of  T u t u i l a  was t h e  
same age  a s  r o c k s  on Upolu w hich  have s i n c e  been  te rm ed  t h e  
P a g a l o a  f o r m a t i o n *
8*6 P a l a e o m a g n e t i c  R e s u l t s
In  o r d e r  t o  r e d u c e  t h e  e f f e c t  of  low c o e r c i v i t y  
c o m p o n e n t s ,  a l l  spec im ens  were s u b j e c t e d  t o  p a r t i a l  d e m a g n e t i z a ­
t i o n  ( S e c t i o n  1*8) i n  150 oe* a l t e r n a t i n g  f i e l d *  The spec im en  
i n t e n s i t i e s  and d i r e c t i o n s ,  b e f o r e  and a f t e r  t r e a t m e n t ,  a r e  
g i v e n  i n  A ppend ix  7 ( a )  and t h e  d i r e c t i o n s  a r e  p l o t t e d  i n  
F i g u r e  8 - i i *  The mean s i t e  d i r e c t i o n s  a r e  g i v e n  i n  T a b le  8 - 2 ,
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CO No No D i R k D i R k a La t  oLong
A0P0 1905-11
*
1-5* 5 11 13 - 2 9 4 °88 34 9 »30 4 »84 26 15 81N 64W
A0P0 1760
1-6 * 6 12 18 -2 5 4 =56 3 10 -21 5*73 19 16 80 N 98W
PUAPUA (SAVA1*1)
1 1 2 (356 - 1 4 )  - - (359 - 1 6 )  - -• (84 N 178E)
2 2 4  25 -31 1*99 77 21 -34  2 * 0 0 274 15 69N 66W
3 1 2 ( 26 - 3 3 )  - - ( 23 - 3 4 )  - -  ( 67N 67W)
4 1 3 ( 26 - 4 4 )  - - ( 12 - 4 6 )  - - (72N 30W)
PUAPUA (UPOLU)
1 1 2 ( 15 - 2 4 )  - - ( 16 - 2 5 )  - -  (7 4 N 83 W)
LEONE
**
1 4 9 359 -2 2  3*95 55 5 - 2 2  3*99221 6 84 N 1 29E
2 2 3 -  1 o75 - ~ 1 „89 - -  - -
LEFAGA (UPOLU)
1 1 2 (145 - 1 1 )  - - ( 51 - 4 9 )  - -  (41 N 53W)
2 1 2 ( 4  - 2 3 )  - - ( 10 - 2 4 )  - - (8 0 N 88W)
MULIFANUA (SAVAI' l)
1 1 2 ( 7  - 2 4 )  - - ( 4 - 2 0 )  - - (85N 1 22W)
2 2 5 13 -17  1*98 42 4 - 1 2  1 o95 21 58 81N 141 W
MULIFANUA (UPOLU)
1 1 2 ( 10 - 3 4 )  - - ( 5 - 3 2 )  - -  (84 N 45W)
2 3 6 343 -21 2»96 54 2 -2 3  2 o98 86 13 88N 1 29W
3 2 4 1*36 - 5 -4 5  2 oOO 680 10 77N 12W
T a b l e  8 - 2  S i t e  D i r e c t i o n s and P o l e s
C a l c u l a t e d  g i v i n g  e q u a l  w e ig h t  t o  each  sample*
T r e a t e d  i n  150 o e r s t e d s  (peak)  a l t e r n a t i n g  f i e l d *  
D i r e c t i o n s  and p o l e s  a r e  n o t  g i v e n  where t h e  r e s u l t a n t  
v e c t o r  i s  random, and t h e y  a r e  g i v e n  in  p a r e n t h e s e s  
when on ly  one sample  i s  used* 
f  A l l  s i t e s  i n  one l a v a  f low*
** E x c l u d i n g  sample  29*
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S A L A N I (UPOL U)
1 1 2 ( 3 5 0  - 4 4 )  - ( 3 3 4  - 4 8 )  -  -  - ( 6 2 N 6 2 E )
2 1 2 ( 2 7 4  + 6 )  - ( 3 4 9  - 2 8 )  -  -  _ ( 7 9 N 9 0 E )
3 1 2 ( 13  - 3 3 )  - ( 2 8  - 6 0 )  -  -  - ( 5 4 N 28W)
FAGALOA ( S A V A I ' l )
1 4 5 2 - 3 6  3 * 9 0  2 9 3 5 9  - 3 9  3 . 9 5  5 9  1 2  8 1 N 1 2 E
2 2 4 -  1 . 8 9  - 1 . 7 6  -  -  - —
FAGALOA (U PO L U )
1 1 2 ( 4 4  - 2 2 )  - ( 67  - 5 3 )  -  -  - ( 2 7 N 5 1 V )
2 1 2 ( 1 7 4  - 7 0 )  - ( 3 4 5  - 6 8 )  -  -  - ( 5 1 H 2 3 E )
3 1 3 ( 1 4 3  + 1 9 )  - ( 1 5 8  + 2 1 )  -  -  - ( 6 8 S 76W)
4 2 4 -  -  0 . 5 6  - -  1 . 0 7  -  -  - -
5 1 2 ( 1 6 8  -»-22) - ( 1 7 2  + 1 4 )  -  -  - ( 7 9 S 37W)
6 2 4 ( 1 8 2  + 3 1 )  - -  1 . 8 0  -  -  - —
7 1 2 ( 1 7 1  + 4 7 )  - (1 6 9  + 4 9 )  -  -  - ( 7 1 S 141 w)
8 1 2 ( 15  - 2 9 )  - ( 5 - 3 1 )  -  -  - ( 8 4 N 50W)
9 2 4 1 7 8  + 1 4 1 9 8  + 3 5  1 . 9 8  4 3  3 9  7 2 S 1 1 9 E
10 2 4 3 3 2  - 2 7  1 - 9 9  134 3 0 5  - 2 9  2 . 0 0  1C86 8  3 7 N 9 0 E
11 2 5 -  1 . 5 6  - - 1 . 3 4 - - - -
12 1 2 ( 4 6 - 2 3 )  - ( 3 5 6  - 2 8 )  -  -  - ( 8 6 N 8 3 E )
13 1 2 ( 2 2  - 4 1 )  - ( 3 3 6  - 6 7 )  -  -  ~ ( 4 9 N 3 2 E )
14 1 2 ( 3 0  - 3 1 )  - ( 31 - 6 1 )  -  -  -  - -
TAPUTAPU
1 2 4 3 2 6  + 3 3  1 . 9 9  7 0 -  -  10 66  - —
2 1 2 ( 3 1 2  + 6 3 )  - ( 2 8 2  + 6 3 )  -  -  - (  2S 14 5 E )
3 1 2 ( 1 3 8  + 8 )  - ( 1 4 6  - 1 0 )  -  -  - ( 5 1 s 53W)
4 1 1 ( 3 0  + 3 8 )  - ( 2 0  + 2 6 )  -  -  - ( 5 6 N 1 35W)
5 2 4 -  1 . 8 9  - -  1 . 9 4  -  -  -
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PAGO
S5 £5 D I R  k
( i n t r a c a l d e r a )
D I  R k a L a t  oLong®
1 2 4 202 +1 2  1 o 95 19 21 2 + 18  1 o98 44 38 58S 94E
2 4 7 86 + 10 3 »38 5 - -  2o82  - -  - -
3 1 2 ( 2 6 2 + 3 8 )  - ( 2 2 5 - 1 4 )  - -  (40S 7 7 E )
4 1 2 (2 5 4 + 2 4 )  - ( 1 9 7 + 4 5 )  - -»(70S 1 4 0 E )
5
PAGO
1 2 ( 1 6 6  + 1 2 ) -  
( e x t r a c a l d e r a )
( 1 9 8 + 1 8 )  - - ( 7 2 S 8 5 E )
1 5 10 166 + 46  4 ° 6 4  11 180 + 40  4 o 4 5  7 30 8 IS 1 68W
2 1 2 ( 1 9 2 + 2 0 ) - ( 3 1 0 + 3 ) _ - ( 3 8 N 1 1 3 E )
3 1 2 (1 1 4 _ 7 4 )  - ( 1 7 5 ~ 3 )  - - ( 7 3 s 8W)
4 1 2 ( 2 1 4 + 2 2 ) - ( 2 1 8 + 3 6 )  - - ( 5 3 S 1 1 4 E )
5 2
ALOFAU
4 cm> -  1 088  - 179 +3 2  1 -9 9  79 29 8 7 S 149W
1 2 4 174 +41 1 °9 8  58 174 +40 1 - 9 8  45 38 80S 1 3 7 W
2 2 4 - -  1 • 93 - - -  1 o 90 - -  - -
3 2 4 17 6 +37 1 »99 104 194 + 3 2  1 °97 35 44 76S 1 14E
4 1 2 ( 1 8 2 + 4 1 )  - ( 1 7 9 + 3 0 )  - -  (88S 1 4 3W)
5 3
OLOMOANA
6 1 9 8 +43  2 o96 57 192 +41 2 - 9 8 1 1 8 11 76S 141 E
1 1 2 ( 1 9 3 + 1 6 )  - ( 1 9 8 + 1 6 )  - -  (71 s 82E )
2 1 2 (201 + 3 0 )  - ( 1 8 6 + 2 6 )  - - ( 8 4 S 95E)
3 1 3 (11 6 +4 6) - ( 1 0 8 + 5 1 )  - - ( 2 3 s 1 0 9W)
4 1 2 ( 2 2 6 + 4 1 )  - ( 3 5 6 + 5 5 )  - - ( 4 0 N 1 74W)
5 1 2 ( 8 + 6 1 )  - ( 18 ->1 1 )  - - ( T O N  105W)
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0  SALAMI (Upolu) 
OPUAPUAt -  )
A PUAPUA(Stv«ri)
MUUFANUA ( S«v»n) .
—/ MUUFANUA(UpoUi)
AOPO 1011-1913
TREATEDINITIAL
(a )  'N o rm a l '  F o rm a t io n sF ig u re  8 - i i
ALL,SAMOAN s p e c im e n  d ir e c t io n s
PLOTTED ON AN EQUAL-AREA PROJECTION
0  NORTH POLE UPWARDS
&  •  •  DOWNWARDS
X DIRECTION OF MAGNETIC NORTH, SOUTH
1 - DIPOLE NORTH, SOUTH
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F ig u r e  8 - i i  c o n t ' d  (b) ’Normal'  and 'Mixed'  F o rm at ions
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(c) 'Reversed' FormationsFigure  8 - i i  cont'd
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taputapu
TREATEDINITIAL
F igure 8 - i i  co n t'd  (d) Random Formations
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. 
No
.
No
*
D I R k D I R k
Pole
a Lat.Long.
AOPO 1905-11
5 5 11 ( 13 -29) - - ( 9 -30) - - - (81 N 64W)
AOPO 17£0
6* 6 12 ( 18 -23) - - ( 10 -21) - - -(80N 98W)
PUAPUA (SAVAI’l)
4 5 11 14 -31 3.86 21 13 -33 3.89 27 18 77N 63W
PUAPUA (UPOLU)
1 1 2 ( 15 -24) - - ( 16 -25) - - “ (74N 83W)
LEONE
2 6 12 8 -15 1.97 32 11 -23 1 -99 96 26 79N 110E
LEFAGA (UPOLU)
2 2 4 - 0.86 - - 1 088 - - - -
MULIFANUA (SAVAI'l)
2 3 7 10 -20 1.99 157 4 -16 2.00 211 17 83N 1 35W
MULIFANUA (UPOLU)
3 6 12 20 -39 2.68 6 4 -33 2.96 56 17 84N 31W
SALANI (UPOLU)
3 3 6 - 2.17 - 7 -47 2.83 12 37 74N 31E
FAGALOA (SAVAI 'I)
2 6 9 0 -26 1 .97 30 —  — 1 »86 — — —
ffFAGALOA (UPOLU) Normal sites only
6 7 14 23 ~43 4-87 4 7 -52 5*22 6 29 70N 27E
Table 8-3 Formation Directions and Poles
Calculated, giving equal weight to each site, including 
random sites.
Treated in 150 oersteds (peak) alternating field« 
Directions and poles are not given if the vector is random 
and are in parentheses where only one site involved«
* Sites all in one flow ft Excluding ’mixed’ sites
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FAGALOA (UPOLU) R ev e r s ed  :S i t e s Only
6 9 20 176 +27 5 .50 10 184 +39 4 . 9 3 5 35 81S 1 62E
TAPUTAPU
5 7 13 -  - 2 .8 2 - - 1 .30 - - - -
PAGO (INTRACALDERA)
5 9 17 - 2.81 - 201 +31 3 «81 3 49 69S 108E
PAGO (EXTRACALDERA)
5 10 20 185 +13 3-53 3
CM+OCM 3 -35 2 63 67S 110E
ALOPAU
5 10 20 182 +38 4 .9 4 71 185 +34 4 .9 4 67 9 84S 1 43E
0L0M0ANA
5 5 11 190 +55 3*70 3 - 2-23 - - - -
T a b l e  8 - 3  c o n t ' d
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P o l e
053 053 D I R k a L a t . Long
Aopo (1905 + 1760) 2 11 10 -2 6 1 *99 1 61 20 81 N 83W
A l l  Normal l e s s  Aopo 7 19 358 -31 6.51 12 18 87 N 40E
A l l  Normal 9 30 1 -30 8 .4 7 15 14 88N 13W
A l l  R e v e r s e d 7 18 191 +35 6 .83 35 10 79S 1 27 E
A l l  S i g n i f i c a n t  S i t e s  16 48 5 -3 2 15-25 20 8 84N 4 5W
T a b l e  8 -4  P o l a r i t y  Zones - D i r e c t i o n s  and P o l e s
C a l c u l a t e d  g i v i n g  e q u a l  w e ig h t  t o  each  s i g n i f i c a n t  s i t e  a f t e r  
t r e a t m e n t  i n  150 oe (p eak )  a l t e r n a t i n g  f i e l d  
* i r r e s p e c t i v e  of  s i g n  
Aopo = H i s t o r i c
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and t h e  mean form at ion  d i r e c t i o n  in  Table  8-3»
I t  i s  e v id e n t  t h a t  t h e r e  are two d i s t i n c t  groups of  
s i g n i f i c a n t  s i t e  d i r e c t i o n s  -  'normal'  and ' r e v e r s e d '  -  which 
show a s p a t i a l  r e l a t i o n s h i p .  The mean d i r e c t i o n s ,  e t c . ,  based  
on p o l a r i t y  zones  are g iv e n  in  Table  8-4* A l l  S a v a i ' i  s i g n i f ­
i c a n t  s i t e s  are  'normal'  and a l l  T u t u i l a  s i g n i f i c a n t  s i t e s  are  
' r e v e r s e d ' ,  except  t h o s e  i n  t h e  Leone format ion*  On Upolu,  a l l  
s i g n i f i c a n t  s i t e s  are 'normal'  ex cept  i n  th e  F aga loa  fo rm a t io n ,  
where b oth  p o l a r i t i e s  occur*
The specimen d i r e c t i o n s  of  one sample (29) i n  th e  
Leone fo r m a t io n  are w e l l  away from th e  o t h e r  t i g h t l y  grouped  
Leone specim en d i r e c t i o n s .  It  i s  probable  t h a t  t h i s  d e v i a t i o n  
i s  due to  an o r i e n t a t i o n  e r r o r ,  and t h i s  sample i s  exc luded  in  
subsequent  a n a ly s e s *
The p r e c i s i o n  i n c r e a s e s  a f t e r  trea tm en t  i n  th e  Puapua 
( S a v a i ' i ) ,  Leone,  Lefaga ,  Muli fanua ( S a v a i ' i  and U po lu ) ,
S a l a n i ,  F a g a lo a  ( n) (U polu)  and Pago ( i n t r a c a l d e r a )  f o r m a t i o n s .  
I t  remains  th e  same i n  th e  Alofau fo r m a t io n  and d e c r e a s e s  in  
a l l  o t h e r  f o r m a t io n s  i n  which more th an  one s i t e  was sampled* 
The L efaga  and Taputapu fo r m a t io n  d i r e c t i o n  remains random and 
th e  F a g a l o a  ( S a v a i ' i )  and Olomoana f o r m a t io n s  become random 
a f t e r  t rea tm en t*  The S a l a n i  (Upolu) and Pago ( i n t r a c a l d e r a )  
f o r m a t i o n  d i r e c t i o n s  become s i g n i f i c a n t *
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8.7 A«C> Demagnetization and Stability
A total of 45 pilot specimens were subjected to partial 
demagnetization in various alternating fields up to 450 oe* 
(Section 1*8). The directions and intensities are given in 
Appendix 7(b) and the directions are plotted in Figure 8-iii*
The normalised intensities are graphed in Figure 8-iv*
The behaviour of the piloi specimen directions is 
very variable, even within the same formation* The Pago 
(intracaldera) specimens show, in general, a very wide scatter 
at all applied fields, while the Aopo (1760) specimens show 
a constant tight grouping of directions. All other specimens 
show scatters intermediate between these two extremes.
In almost all specimens, the intensity drops to a minimum 
value at approximately 150 oe*, although the behaviour of 
individual specimens varies between the gradual decrease shown 
in the Aopo (1760) specimens and that shown by the Fagaloa 
(Savai'i) specimens.
The behaviour of the Fagaloa (Upolu) pilot specimens 
is of particular interest as specimens from this formation show 
both 'normal' and 'reversed1 polarities. The pilot specimens 
which were initially 'reversed' (88b, 94b) tend to oscillate 
in direction, but always maintain southerly declinations. The 
'normal' specimens (85b, 101a) show a tendency to move towards 
the 'reversed' directions up to 150 oe«, while other 'normal' 
specimens (95a, 92b) retain constant directions-
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*  A G  A L O A  (S A V A l ' l )
(17  6 0 )
F ig u r e  8 - i i i  A.C DEMAGNETIZATION OF N.R.M ( d ir e c t io n s )
APPLIED FIELD (PEAK OERSTEDS)
•  O *  112 €  3 0 0
A  38 #  ISO •  4SO
T  75 » 335 •  7 50
SOLID IS POSITIVE HOLLOW IS NEGATIVE
CONNECTING LINE» 0 0  NOT H tC E IM W U  FOLLOW THE NftTN 
TRACES OUT «V THE DIRECTION BETWEEN STEW
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F o r m a t i o n Ns M . —1
V  
—1 Ns
X
Aopo (1 905 -11 ) 11 8 . 1 5 5-70 0 . 7 0 5 1 . 3 2
Aopo (1760) 12 3*51 2 . 1 2 0 . 6 0 6 0 . 8 8
P uapua  ( S a v a i ' i ) 11 7 . 5 0 4 .9 7 0 . 6 6 6 1 -33
Puapua  (Upolu) 2 2 . 6 8 1 . 8 6 0 . 6 9 1 2 .2 5
Leone 14 5-76 3 .54 0.61 7 2 . 5 8
L e fa g a 4 17.51 2.81 0 . 1 6 2 3 . 6 8
M u l i f a n u a  ( S a v a i ' i ) 7 8 . 6 9 6 . 3 6 0 .73 3 5 . 6 9
M u l i f a n u a  (Upolu) 1 2 6 . 9 5 2.00 0 . 2 9 6 2.24
S a l a n i 6 13*10 0 . 9 8 0 .0 7 3 6-26
F a g a l o a  ( S a v a i ' i ) 9 2 .2 4 0 . 5 7 0 . 2 5 6 9*55
F a g a l o a  (Upolu) 40 2.51 0 .8 7 0 . 3 5 19 6 .17
Tapu tapu 13 2 .2 3 0 . 4 9 0 . 2 2 7 12 .68
Pago ( i n t r a c a l d e r a ) 17 0 -6 7 0.31 0 . 4 6 9 7*46
Pago ( e x t r a c a l d e r a ) 20 1 .17 0 .7 4 0 . 6 3 10 5*42
A lo fau 20 2.81 1 .87 0 . 6 7 10 5*33
Olomoana 11 1 .43 0 . 8 3 O . 5 S 5 15-65
*
A l l  ' n o r m a l ' 88 6 .97 3*26 0 .4 7 45 3 .4 3
#
A l l  ' r e v e r s e d ' 81 1 .67 0 . 9 0 0 .5 4 41 8 .3 3
T a b l e  8 -5  Average  I n t e n s i t i e s  and S u s c e p t i b i l i t i e s
I n t e n s i t y  (m) and s u s c e p t i b i l i t y  (x)  i n  e . m . u . / c n ?  x 10 
i  = i n i t i a l  t  = t r e a t e d  * e x c l u d i n g  F a g a l o a  (Upolu)
Ng = No* s p e c im e n s N = No
O
•  !
F o r m a t i o n Spec  • D I s
Aopo ( 1 9 0 5 - 1 1 ) 27a 357 -61 4
Aopo (1760) 19b 3 - 6 2 3
F a g a l o a  ( S a v a i 1i ) 8a 356 -5 7 8
F a g a l o a ( ü p o l u ) (N) 95a 355 - 5 8 7
F a g a l o a ( U p o l u ) ( r ) 87b 353 -6 0 6
F a g a l o a ( U p o l u ) (R) 88a 12 - 6 3 5
Pago ( e x t r a c a l d e r a ) 5 0 a 354 -6 0 6
Pago ( i n t r a c a l d e r a ) 51 a 356 - 5 9 7
A lo fau 47b 4 - 6 3 2
T a b l e  8 -6  TRM D i r e c t i o n s
£ = a n g u l a r  d e v i a t i o n  from a p p l i e d  f i e l d
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The b e h a v i o u r  o f  t h e s e  p i l o t  s p e c im e n s  s u g g e s t s  t h a t  
t h e r e  i s  an  a p p r e c i a b l e  amount of  i n s t a b i l i t y  p r e s e n t  i n  most 
f o r m a t i o n s ,  and i n  p a r t i c u l a r  i n  t h e  Pago ( i n t r a c a l d e r a )  
f o r m a t i o n .  Specimens  f rom  t h e  Aopo (1760) and A lo fau  f o r m a t i o n s ,  
how ever ,  t e n d  t o  be more s t a b l e  t h a n  t h e  o t h e r  s p e c im e n s  t e s t e d *
I n  g e n e r a l ,  t h e  s c a t t e r  a p p e a r s  t o  be l e a s t  i n  most f o r m a t i o n s  
a t  150 o e .  (peak)  a l t e r n a t i n g  f i e l d ,  s u g g e s t i n g  t h a t  i n  t h i s  
f i e l d ,  u n s t a b l e  com ponents  have t h e  l e a s t  e f f e c t ,  b u t  a t  h i g h e r  
f i e l d s ,  t h e  c o e r c i v i t y  o f  b o t h  p r im a r y  and s e c o n d a ry  com ponents  
of  NRM i s  e x c e e d e d .
8 . 8  A verage  I n t e n s i t y  and S u s c e p t i b i l i t y
The a v e r a g e  i n t e n s i t i e s  and s u s c e p t i b i l i t i e s  a r e  g i v e n  
i n  T a b l e  8 - 5 ,  and t h e  i n d i v i d u a l  spec im en  d e t e r m i n a t i o n s  a r e  
g i v e n  i n  A ppendix  7 ( a ) .  The main f e a t u r e  of  t h e  a v e r a g e  v a l u e s  
i s  t h e i r  i n v e r s e  r e l a t i o n s h i p  w i t h  age ;  t h e  o l d e r  ' r e v e r s e d '  
s am p les  h a v i n g  a lo w e r  i n t e n s i t y  b u t  h i g h e r  s u s c e p t i b i l i t y  t h a n  
t h e  y o u n g e r  ' n o r m a l '  s a m p l e s .  In  d e t a i l ,  however ,  t h e  change  
of  i n t e n s i t y  and s u s c e p t i b i l i t y  i s  d i s c o n t i n u o u s •
8 . 9  A n i s o t r o p y  o f  TRM
Nine spe c im e n s  were  g i v e n  a TRM (T a b le  8 -6 )  i n  t h e  
l a b o r a t o r y  ( S e c t i o n  1 . 8 )  by h e a t i n g  them t o  750°C.  and c o o l i n g  
i n  t h e  E a r t h ' s  f i e l d  a t  C a n b e r r a  (11*3 ,  - 6 5 * 0 ,  0*59 oe) w i t h  
t h i e i r  o r i e n t a t i o n  marks i n  t h e  m a g n e t i c  m e r i d i a n .  There  i s  
some d o u b t  ab o u t  t h e  a c c u r a c y  of  t h e  measurement of  t h e  a c q u i r e d
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8.10
direction, so that it is not considered that there is a signifi­
cant departure from the applied field* A subsequent experiment 
(Section 13*4) substantiates the suggestion that there is little 
or no anisotropy of TRM present.
8.10 Isothermal Remanent Magnetization
Six specimens were given an IRM (Section 1.8) and the
maximum remanence (M ), the field required to produce M—max —max
(H ), and the coercivity of maximum remanence (H ) are given max cr
in Table 8-7» The M and H are lower than in most other—max max
Pacific islands studied here* The H is moderate, but notcr
sufficiently high to be regarded as a stability indicator«
Formation Spec • Hcr M—max Hmax
Aopo (1760) 19b 280 110 200
Fagaloa (Savai'i) 8a 270 380 900
Fagaloa (upolu) (n) 95a 280 410 400
Fagaloa (Upolu) (r ) 88b 230 210 230
Pago (extracaldera) 50a 290 400 500
Alofau 47b 350 1 90 500
Table 8-7 IRM Properties 
M in e.m.u./cm x 10 H in oersteds
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8.11 Discussion : Reliability
The significant site directions appear to be reliable 
in that they are internally consistent, but no reliance can be 
placed on other site directions, except that they appear to be 
systematically 'normal' or 'reversed'»
In general, the scatter of specimen directions is
fairly large, and most pilot specimens appear to be unstable
in a.c* fields higher than 200 oe. The stability of most
samples cannot, therefore, be regarded as good, although
(l) the reversal is exact within the statistical limits (2)
the polarity distribution is systematic, all younger formations
being 'normal' and all older 'reversed' (3) some specimens
show stability in a»c. fields (4) the H is moderately high*cr
Anisotropy may be present, but is unlikely to affect 
the mean directions.
8.12 Discussion : Reversals and Correlation
The sequence of reversals is now summarised- Their 
meaning is discussed in Chapter 16« The results are necessarily 
incomplete as this work is only a preliminary survey, but it 
is probable that the picture is fairly complete, although a 
level of reversal may not have been detected in one or two 
formations. For convenience, the description is made in terms 
of formations, rather than individual sites, e*g« reference is 
made to the 'reversed' Alofau formation, but it is not to be
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8 . 1 3
assumed t h a t  t h e  w hole  f o r m a t i o n  i s  ' r e v e r s e d ' ,  b u t  m e re ly  a l l  
s i t e s  sam pled  w i t h i n  i t .
I t  i s  e v i d e n t  t h a t  a l l  t h e  o l d e r  f o r m a t i o n s  -  Pago ,  
T a p u t a p u ,  A lo f a u  and Olomoana -  a r e  ' r e v e r s e d  and t h e  y o unge r  
f o r m a t i o n s  -  Aopo, P uapua ,  Leone ,  L e f a g a ,  M u l i f a n u a ,  S a l a n i  
and F a g a l o a  ( S a v a i ' i )  -  a r e  ' n o r m a l ' ,  w i t h  t h e  change i n  
p o l a r i t y  o c c u r r i n g  w i t h i n  t h e  F a g a l o a  f o r m a t i o n  on Upolu ,  and 
be tw een  t h e  T a p u t a p u  and Leone f o r m a t i o n s  on T u t u i l a *  The 
r e v e r s a l  t h e r e f o r e  a p p e a r s  t o  have  t a k e n  p l a c e  i n  t h e  Lower 
P l e i s t o c e n e  and c o r r e l a t i o n  o f  t h i s  l e v e l  of  r e v e r s a l  w i t h  
t h o s e  known e l s e w h e r e  ( S e c t i o n  16-5)  s u g g e s t s  t h a t  t h e  F a g a l o a  
on Upolu i s  o l d e r ,  a t  l e a s t  i n  p a r t ,  t h a n  t h e  same f o r m a t i o n  on 
S a v a i ' i ,  and t h a t  t h e  T apu tapu  f o r m a t i o n  on T u t u i l a  i s  o l d e r  
t h a n  a t  l e a s t  some p a r t s  o f  t h e  F a g a l o a  f o r m a t i o n  on Upo lu .
8 . 1 3  D i s c u s s i o n  : Mean D i r e c t i o n s  and T e c t o n i c s
The ' n o r m a l '  and ' r e v e r s e d '  p o l a r i t i e s  a r e  e x a c t l y  
o p p o s i t e ,  w i t h i n  t h e  e x p e r i m e n t a l  l i m i t s  ( T a b l e  8 -8 )  and b o t h  
a r e  c l o s e r ,  c o n s i d e r e d  i r r e s p e c t i v e  of s i g n ,  t o  t h e  p r e s e n t  
E a r t h ' s  f i e l d  i n  Samoa t h a n  t o  t h e  a x i a l  d i p o l e  f i e l d *  T h i s  
s u g g e s t s  t h a t  t h e r e  has  b e e n  l i t t l e  o r  no r o t a t i o n  of  t h e  
Samoan I s l a n d s  s i n c e  t h e i r  f o r m a t i o n .
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#
D i a
e
£
P
c:i s'a
A l l  s i t e s 5 - 3 2 8 6 11 26
Normal
*
1 - 3 0 14 10 1 2 23
R e v e r s e d 11 - 3 5 10 4 7 29
T a b le  8 -8  Com par ison  o f  Mean D i r e c t i o n s
£ = a n g u l a r  d e v i a t i o n  f rom p r e s e n t  g e o m a g n e t i c
^ ' f i e l d  i n  Samoa ( l 2 , - 3 0 )
£ .  =  a n g u l a r  d e v i a t i o n  f rom  i n c l i n e d  g eo m a g n e t i c  
^ f i e l d  i n  Samoa ( l 3 , - 2 6 « 5 )
£  = a n g u l a r  d e v i a t i o n  f rom a x i a l  g e o c e n t r i c
a d i p o l e  f i e l d  i n  Samoa ( 0 , —7)
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Chapter 9
THE TONGAN ISLANDS
9*1 Introduction and Summary
The Kingdom of Tonga comprises over 200 islands,
2,although the total land area is only 670 km • The islands 
are divisible into a volcanic chain on the west and a broad, 
shallow, calcareous-tuffaceous chain on the east (Fig* 9-i)•
The calcareous islands are the centres of population and form 
three main groups - Vavau in the north, Ha'apai in the centre 
and Tongatapu in the south* The volcanic chain is an almost 
exactly straight line running NNW-SSW for some 1,500 kms*
A total of 15 samples were collected from six sites 
on three islands - 'Eua, Hunga Tonga and Tofua* The directions 
of NRM are similar at all applied magnetic fields in the Tofua 
and Hunga Tonga samples, but the 'Eua specimens have to be
treated in alternating fields in excess of 200 oe* before the
V
individual specimen directions become internally consistent- 
The directions of NRM at Tofua and Hunga Tonga are consistent 
with their estimated Recent age, but the 'Eua specimen directions 
suggest rotation of the site since the intrusion of a set of dykes*
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9*2 Geo logy
Very l i t t l e  g e o l o g i c a l  work has  been  r e p o r t e d  from 
t h e s e  i s l a n d s .  The v o l c a n i c  i s l a n d s  o f  T o fua ,  L a t e  and F a n u a l e i  
have a l l  b e e n  a c t i v e  i n  h i s t o r i c  t i m e s ,  and s e v e r a l  subm ar ine  
e r u p t i o n s  a r e  known. One i s l a n d ,  F a l c o n ,  p e r i o d i c a l l y  a p p e a r s  
above  s e a  l e v e l  d u r i n g  b r i e f  p e r i o d s  o f  a c t i v i t y  b e f o r e  sub­
m e rg in g  a g a i n *  H o f f m e i s t e r  e t  a l  (1929)  fo u n d  d i a b a s e  on F a l c o n  
I s l a n d ,  a l t h o u g h  H a r k e r  (1891) had r e p o r t e d  a n d e s i t e  b e i n g  
e r u p t e d  t h e r e  i n  1885« R a i t t  e t  a l  (1955)  r e p o r t  a spec im en
from  T a f a h i  a s  a n d e s i t i c  and Warin  ( p e r s o n a l  com m unica t ion )  
has  i d e n t i f i e d  hand s pec im ens  f rom A ta  and T o fu a  a s  b a s a l t i c  
a n d e s i t e s  and a n d e s i t e s  r e s p e c t i v e l y *  A n d e s i t i c  b a s a l t  sam p les  
were o b t a i n e d  f rom  Hunga Tonga and Tofua*
I n  t h e  c a l c a r e o u s - t u f f a c e o u s  c h a i n ,  O s t e r g a a r d  (1935) 
h a s  shown t h e  i s l a n d  of  T o nga tapu  t o  be fo rmed  of Q u a t e r n a ry  
l i m e s t o n e ,  and H o f f m e i s t e r  (1932)  h a s  d e t e r m i n e d  t h e  g e o l o g i c a l  
s u c c e s s i o n  on 'Eua* 'Eua  c o n s i s t s  of  an  o ld  v o l c a n i c  s e r i e s ,  
i n t r u d e d  by d y k e s ,  and o v e r l a i n  f i r s t  by Upper  Eocene l i m e s t o n e  
and t h e n  P l i o - P l e i s t o c e n e  l i m e s t o n e s  and t u f f s *  W e a th e red ,  
p r o b a b l y  a n d e s i t i c ,  s am p les  were t a k e n  f rom t h e  'E ua  dykes^
9*3 P a l a e o m a g n e t i c  R e s u l t s
In  o r d e r  t o  r e d u c e  t h e  e f f e c t  of  low c o e r c i v i t y  
c o m p o n e n t s ,  a l l  s pec im ens  were t r e a t e d  i n  225 oe* (p e a k ;  a l t e r ­
n a t i n g  f i e l d  ( S e c t i o n  1*8)* The i n t e n s i t i e s  and d i r e c t i o n s  of
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D I R  k
T R E A T E D 
D I R  k
P o le
a Lat .Long .
JEUA
Nort hern 3 9 -  1 .4 6  - -  2»53 - -  - -
C e n tr a l 1 2 (134 +54) - (122 +35) - - ( 3 6 S 94W)
Main 2 4 -  1-94 - 129 +37 1 »99 151 20 42S 94W
HUNGA TONGA
Southern 1 3 ( 12 - 2 5 )  - ( 36 - 2 5 )  - -  ( 55N 92W)
Northern 3 7 18 -2 7  2»91 22 21 - 3 2  2.91 22 27 70N 91W
TOFUA
Tofua 5 11 22 - 2 5  4 »76 17 21 -27  4»83 24 16 69N 97W
Table  9- 1 S i t e  D i r e c t i o n s  and P o l e s
C a lc u la t e d  g i v i n g  equal weight  t o  each sample-  
Treated  i n  225 o e r s t e d  (peak) a l t e r n a t i n g  f i e l d »  
D i r e c t i o n s  and p o l e s  not g iv e n  when r e s u l t a n t  v e c t o r  i s  
random, and in  p a r e n t h e s e s  where on ly  one sample 
i s  used»
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s ; D I R k D I R k a Lat »Long•
'Eua
3 6 15 -  2»17 - 120 +46 2 .8 9 19 29 35S 104W
Hunga Tonga
2 4 10 15  - 2 6  2»00 428 29 - 2 9  1 »98 61 33 62N 92W
Tofua
1 5 11 (22 - 2 5 )  - (21 - 2 7 )  - -  ~(69N 97W)
Table 9-2  Formation  D i r e c t i o n s  and P o l e s
C a l c u la t e d  g i v i n g  equal w eight  to  each s i t e ,  i n c l u d i n g  random 
s i t e s »  Treated  in  225 o e r s t e d s  (peak) a l t e r n a t i n g  f i e l d »
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NRM of a l l  s p e c im e n s ,  b e f o r e  and a f t e r  t r e a t m e n t ,  a r e  g i v e n  i n  
Appendix  8 ( a ) *  The d i r e c t i o n s  a r e  p l o t t e d  i n  F i g u r e  9 - i i *
The mean d i r e c t i o n  of  each  s i t e  i s  g i v e n  i n  T a b l e  9-1 and f o r  
each  i s l a n d  i n  T a b l e  9-2*
The d i r e c t i o n  of t h e  T o fu a  and Hunga Tonga s pec im ens  
show v e ry  l i t t l e  change  a f t e r  t r e a t m e n t ,  r e m a i n i n g  j u s t  e a s t  
o f  n o r t h *  In  'E ua ,  how ever ,  t h e  d i r e c t i o n  of  NRM i s  j u s t  
s o u t h  of  e a s t  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n ;  t h e  p r e c i s i o n  
im p ro v in g  c o n s i d e r a b l y *
9*4 A»C* D e m a g n e t i z a t i o n  and S t a b i l i t y
F i f t e e n  p i l o t  spe c im e n s  were  s u b j e c t e d  t o  a*c* demag­
n e t i z a t i o n  i n  v a r i o u s  f i e l d s  up t o  450 oe (peak )  ( S e c t i o n  1*8)*
The i n d i v i d u a l  i n t e n s i t i e s  and d i r e c t i o n s  a r e  g i v e n  i n  Appendix  
8 ( b ) *  The d i r e c t i o n s  a r e  p l o t t e d  i n  F i g u r e  9 - i v  and t h e  
n o r m a l i s e d  i n t e n s i t i e s  a r e  g r a p h e d  i n  F i g u r e  9 - i i i *
A l l  T o fu a  and Hunga Tonga p i l o t  s p ec im en s  show a 
s t e a d y  d e c r e a s e  i n  i n t e n s i t y  a s  t h e  a p p l i e d  f i e l d  i s  i n c r e a s e d *
In  'E u a ,  how ever ,  t h e  p i l o t  spe c im e n s  show c o n s i d e r a b l e  v a r i e t y ,  
spec im ens  1a,  3a and 6a showing a d e c r e a s e  t o  a minimum v a l u e  
a t  150 oe* ,  spec im en  2b showing a c o n s t a n t  i n t e n s i t y  up to  150 oe* 
a f t e r  which t h e  d e c r e a s e  i s  s t e a d y *  Spec imens  4b and 5a a r e  
p a r t i c u l a r l y  u n u s u a l ,  4b i n c r e a s i n g  t o  a maximum i n t e n s i t y  a t  
150 oe* and t h e n  d e c r e a s i n g  s l o w l y ,  w h i l e  5a d e c r e a s e s  i n  a 
manner s i m i l a r  t o  1a,  3a and 6a u n t i l  150 oe* a f t e r  which t h e
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A»C* D e m a g n e t i z a t i o n  o f  NRM ( i n t e n s i t i e s )
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A.C. DEMAGNETIZATION OF N.R.M (DIRECTIONS)
APPLIED FIELD (PEAK OERSTEDS)
•  O « 1 1 2  i 3 0 0
▲ 30 « 1 5 0  •  4 5 0
▼ 75 •  225 •  750
SOLID IS POSITIVE HOLLOW IS NEGATIVE
CONNECTING LINES OO NOT NECESSARILY FOLLOW THE RATN 
TRACED OOT ®Y THE DIRECTION BETWEEN STEPS
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intensity increases to a maximum value at 450 oe(peak)*
The pilot specimens from Tafua and Hunga Tonga show 
very little change in direction in fields up to 450 oe (peak)•
The 'Eua specimens, however, show variable behaviour* The 
directions remain similar in all applied fields, except specimens 
5a and 5a which start as 'normal' directions, then gradually 
move towards the other 'Eua specimen directions* The direction 
of specimen 5a actually joins the main 'Eua group, but 6a does 
not quite reach it *
The behaviour of pilot specimens from Tofua and Hunga 
Tonga suggests stability, and the pilot specimens from the 
Main and Central dykes of 'Eua also appear to be stable*
Specimens from the Northern dyke, 'Eua, appear to have a large 
component along the Earth's field in Tonga which is not 
removed until fields in excess of 200 oe* are applied* On this 
basis all Tongan specimens were treated in 225 oe (peak) 
alternating field, compared with the field of 150 oe* used for 
most other Pacific samples discussed here*
9*5 Average Intensity and Susceptibility
The individual specimen intensities and susceptibilities 
are given in Appendix 8(a)* The average intensity and suscept­
ibility (Table 9-3) is lower in the 'Eua samples than Hunga 
Tonga or Tofua* This difference is probably attributable in 
part to different composition and in part to different ages*
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Ns M . —1 üt V' M .— 1 NS *
1 Eua 15 0.89 0.52 0.58 6 5-54
Hunga Tonga 10 81 *36 21 .37 0.26 4 13.65
Tof ua 11 45-23 15-50 0.34 5 8.86
Table 9-3 Average Intensity and Susceptibility
Intensity (m ) and susceptibility (x) in e.m.u./cn^x 10 
i = initial t = treated
= no. samples = no. specimens
9«6 Anisotropy of TRM
Four specimens were given a TRM (Table 9-4) in the 
laboratory (Section 1.8) by heating to 750°C- and cooling in 
the Earth's field at Canberra (11»3,-65*0,0.59 oe) with their 
orientation in the magnetic meridian* There is some doubt 
about the accuracy of measurement of the acquired directions, 
so that the deviations from the applied field are not considered 
significant. This means that anisotropic effects, if present, 
are small and probably less than the experimental error.
Spec • D I £
1 Eua 4b 359 -59 6
Hunga Tonga 7a 351 -58 9
Hunga Tonga 10b 358 -62 3
Tof ua 14a 360 -62 3
Table 9-4 TRM Directions
b = angular deviation from applied field
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9»7 Isothermal Remanent Magnetization
Three specimens were given an IRM (Section 1*8) and
the maximum remanence (M ), the field required to produce~max
M (H ) , and the coercivity of maximum remanence (H ) are ~max max cr
given in Table 9-5« The coercivity of maximum remanence is 
high in all specimens, suggesting that they are probably 
stable (Section 1*5)
Spec • H M Hcr —max max
' Eua 4b 540 520 1 500
Hunga Tonga 7a 320 630 600
Tofua 14a 350 1000 1 580
Table 9-5 IRM Properties 
M in e.m.u./cm x 10 H in oersteds
9*8 Discussion : Reliability
The Tofua and Hunga Tonga samples appear to be stable 
from their behaviour on a«c. fields and their consistent direct­
ions. The 'Eua samples do not show the same degree of stability, 
but after treatment in 225 oe (peak) alternating field, their 
divergence from the present Earth's field and their internal 
consistency suggest stability. Anisotropy may be present, 
but is unlikely to affect the mean directions by a significant 
amount.
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9*9 D i s c u s s i o n  : G e n e ra l
The mean d i r e c t i o n  of  t h e  T o fu a  and Hunga Tonga s i t e s  
a r e  away f ro m  t h e  a x i a l  d i p o l e  f i e l d ,  t h e  i n c l i n e d  g eo m a g n e t i c  
d i p o l e  f i e l d  and t h e  p r e s e n t  E a r t h ' s  f i e l d  i n  Tonga,  a l t h o u g h  
t h e  d i v e r g e n c e s  a r e  no t  s i g n i f i c a n t  ( T a b l e  9 -6 )  • Th i s  
o b s e r v a t i o n  s u g g e s t s  t h a t  t h e  i s l a n d s  a r e  of  Recent  age and 
t h a t  t h e r e  has  been  l i t t l e  o r  no r o t a t i o n  ( i » e »  l e s s  t h a n  20°)  
of  t h e  i s l a n d s  s i n c e  t h e i r  f o r m a t i o n »
*
D I a
P
•H £ a
' Eua 120 +4 6 29 51 54 61
Hunga Tonga 29 -2 9 33 18 15 33
T o fu a 21 -27 — 16 11 25
T a b l e  9 -6  C ompar ison  of  Mean D i r e c t i o n s  
* i r r e s p e c t i v e  of  s i g n
£ = a n g u l a r  d e v i a t i o n  f rom t h e  p r e s e n t  E a r t h ' s
^ f i e l d  i n  Tonga ( 1 3 , - 4 1 )
£. = a n g u l a r  d e v i a t i o n  f rom t h e  i n c l i n e d  g e o m a g n e t i c  
d i p o l e  f i e l d  i n  Tonga ( l 3 > - 3 6 )
£ = a n g u l a r  d e v i a t i o n  f rom t h e  a x i a l  g e o c e n t r i c
d i p o l e  f i e l d  i n  Tonga ( 0 , - 1 0 » 5 )
The 'E u a  s i t e s  show a l a r g e  s i g n i f i c a n t  d e p a r t u r e  from 
a l l  t h r e e  g e o m a g n e t i c  f i e l d  models» T h i s  d i v e r g e n c e  c o u l d  be 
due t o  t h e i r  a g e ,  a l t h o u g h  t h e  p o l e  p o s i t i o n  (35S,104W) i s  away 
f rom most o t h e r  e a r l i e r  p a l a e o m a g n e t i c  p o l e  p o s i t i o n s .  I t  i s  
p o s s i b l e  t h a t  t h i s  d i v e r g e n c e  i s  due t o  l o c a l  t e c t o n i c  r o t a t i o n *  
Assuming t h a t  t h e  mean d i r e c t i o n  s h o u ld  be t h a t  of  a  r e v e r s e d
203
9-9
axial dipole field, then the divergence can be explained by 
either a tilt of some 65° to the SSW, or tilting by a lesser 
amount combined with an anticlockwise rotation* Such tectonic 
movements are possible as the island is on the edge of the Tonga 
Trench, and an anticlockwise rotation could arise as a result 
of a left lateral displacement along the fault marking its 
edge •
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C h a p t e r  10
THE NEW HEBRIDES
10«1 I n t r o d u c t i o n  and Summary
The Condominium of  t h e  New H e b r i d e s  ( 1 ,3 6 0  km ) i s  
fo rm ed  o f  a b o u t  80 i s l a n d s  f o r m i n g  a d o u b le  c h a i n  (F ig»  1 0 - i ) •
The two c h a i n s  a r e  s e p a r a t e  n o r t h  of  t h e  i s l a n d  of  E p i ,  b u t  
j o i n  t o  fo rm a s i n g l e  c h a i n  s o u th  of  t h a t  i s l a n d .  These i s l a n d s  
a r e  some o f  t h e  most u n to u c h e d ,  h a b i t e d  a r e a s  i n  t h e  w o r l d ,  and 
v e r y  l i t t l e  i n f o r m a t i o n  of  any s o r t  i s  a v a i l a b l e  on th em .  They 
a r e  g e n e r a l l y  r u g g e d ,  d e n s e l y  f o r e s t e d  and c a n n i b a l i s m  i s  s t i l l  
common on some i s l a n d s .
A t o t a l  o f  37 samples  were o b t a i n e d  f rom 12 s i t e s  i n  
s i x  of  t h e  i s l a n d s .  Two s i t e s  were i n  t u f f s ,  t h e  r e s t  were 
i n  C a i n o z o i c  l a v a  f l o w s .  The d i r e c t i o n s  of m a g n e t i z a t i o n  o f  
t h e  l a v a s  i s  shown t o  be very  c l o s e  t o  t h e  a x i a l  d i p o l e  f i e l d ,  
and t o  be r e l i a b l e  a t  most s i t e s *  I t  i s  d e m o n s t r a t e d  t h a t  
one o f  t h e  t u f f s ,  o f  s u b a e r i a l  o r i g i n ,  a c q u i r e d  i t s  remanence  
a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  E a r t h ' s  f i e l d  and was t h e r e f o r e  
p r o b a b l y  d e p o s i t e d  h o t .  Tne o t h e r  t u f f  i s  s t a b l e  and t h e r e f o r e  
s u i t a b l e  f o r  f a r t h e r  p a l a e o m a g n e t i c  r e s e a r c h .  The l a v a s  a r e
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1 0 . 2
t h o u g h t  t o  be of  Q u a te r n a ry  age r a t h e r  t h a n  P l i o c e n e  a s  t h e y  a r e  
a l l  o f  t h e  same p o l a r i t y  and d i r e c t i o n ,  b u t  an  e a r l i e r  age cannot  
be  e x c l u d e d .
1 0 .2  Geo logy
R e p o r t s  from e x p l o r a t i o n  v e s s e l s  form most o f  t h e  
e a r l y  g e o l o g i c a l  d a t a ,  but  t h e  i s l a n d s  have  been  v i s i t e d  by 
s e v e r a l  g e o l o g i s t s  d u r i n g  t h e  t w e n t i e t h  c e n t u r y .  Most o f  
t h e s e ,  how ever ,  o n ly  s t a y e d  f o r  a  v e r y  s h o r t  p e r i o d ,  and 
m o s t l y  c o n f i n e d  t h e i r  i n t e r e s t s  to  a r e a s  of  a c t i v e  v o l c a n o e s .  
O b e l l i a r m e  (1958)  has  made a g e n e r a l  r e c o n n a i s s a n c e  of  t h e  
g r o u p ,  and Rahdon ( i9 6 0 )  has  made a more d e t a i l e d  r e c o n n a i s s a n c e  
o f  M a l e k u l a .  The G e o l o g i c a l  S u r v e y ,  s t a r t e d  i n  1959,  began  
mapping  i n  t h e  E f a t e  r e g i o n  i n  1961—2, b u t  t h i s  i s  s t i l l  i n  
p r o g r e s s •
The o u t e r ,  e a s t e r n ,  c h a i n  a p p e a r s  t o  m a in ly  b a s a l t i c  
w i th  b a s i c  and u l t r a b a s i c  i n t r u s i o n s  and i s  f r e q u e n t l y  b l o c k  
f a u l t e d .  T h i s  i s  i n  c o n t r a s t  t o  t h e  i n n e r ,  w e s t e r n  c h a i n  which  
i s  more a c i d i c ,  b e i n g  p r e d o m i n a n t l y  a n d e s i t i c  w i th  s e r p e n t i n e  
and i s  c h a r a c t e r i s e d  by f o l d i n g  r a t h e r  t h a n  f a u l t i n g .  A complex 
s e r i e s  o f  v o l c a n i c s  a r i s e s  where t h e s e  two c h a i n s  j o i n .  These 
r a n g e  i n  c o m p o s i t i o n  f rom u l t r a b a s i c  t o  a c i d i c ,  b u t  t h e  predom­
i n a n t  r o c k  t y p e  i s  t u f f ,  w i t h  i n t e r b e d d e d  b a s a l t s «
The a g e s  a r e  r a t h e r  u n c e r t a i n ,  bu t  t h e  o l d e s t  r o c k s  
a r e  p r e - M i o c e n e ,  p r o b a b l y  O l i g o c e n e ,  w h i l e  most l a r g e  i n t r u s i o n s
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took place in the upper and middle Miocene* Most of the islands, 
however, are thought to he composed of mid Pliocene and later 
volcanics, activity continuing to the Present on Ambrym, Lopevi 
and Tana.
10.3 Sampling
Samples were obtained from 6 islands in the group 
(Pig. 10-i) and were all taken from natural exposures, mostly 
along the sea coast. The age is not known of any samples, 
although the Lopevi and Ambrym samples are almost certainly 
Historic. It was not possible to sample the Lopevi I960 flow 
which occurred three weeks prior to my visit - the flow was 
scoriaceous and still extremely hot. The other igneous 
samples were assumed to be mid Pliocene on the basis that most 
of the volcanics are thought to be of that age. A water laid 
tuff sample was collected from Efate to determine the suitability 
of this material for palaeomagnetic research. A very coarse, 
probably subaerial, tuff was taken from Ambrym in an attempt 
to determine if it was laid down as a very hot material or as 
a hot deposit I i-e- if hot it would acquire a NRM directed 
along the Earth's magnetic field at that time, but if cold the 
direction of NRM of individual grains would be randomly oriented. 
10*4 Palaeomagnetic Results
All specimens were first treated in 38 oe*, and then 
in 150 oe. (section 1-8) in order to compare the effectiveness
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CO CO• P* o
O  6  0)
S S  CÖ P <CO COCD
+3 O o INITIAL
•H OCO Ö oS3 D I R k
Tongoa
2> 3 6 341 -22 2.69 6
2" 3 6 5 -22 2»99 169
3» 3 6 3 -20 2.96 55
3” 3 6 4 -23 2.89 19
Lopevi
4 3 6 15 -28 2.95 41
5 2 4 3 -35 2.00 451
Pau Uma
6 4 8 - - 2-93 -
Ambrym
7 5 9 14 -31 • CD 03 28#8 1 2 ( 8 -35) - -
Aoba
9 4 8 314 -39 3-84 18
10 5 10 349 -15 4-95 73
Efate
#1 1 4 0 93 +60 3 • 97 101^
TREATED - 38 oe* Pole
D I R k a Lat cLong.
340 -22 2.77 9 44 70N 92E
1 -22 2.98 114 12 84 N 177E
4 -19 2.96 50 18 82N 1 62W
3 -20 2.89 18 30 83N 1 67W
— - 2.93 - - ~ —
2 -33 2.00 746 9 87N 66W
- - 2.92 - - - -
15 -30 4-83 23 16 7 6N 100W
(16 -5) - - - (69N 142V)
335 -37 3.83 18 23 65N 61E
350 -7 4.85 27 15 74N 126E
Not measured - see Table 10-2
Table 10-1 Site Directions and Poles
Calculated giving equal weight to each sample<> Directions and 
vector (r ) is random, and where the significance cannot 
* Tuff sample
Pole
Treatment D I R k a Lat • Long
Initial 193 +60 3-97 101 9 64S 145E
150 oe* 184 +41 3-98 131 8 83S 136E
225 oe* 166 +40 3.49 6 42 7 6S 1 26W
300 oe* 1 65 +40 3.82 17 23 75S 1 24W
Table 10-2 Efate Specimen Directions and Poles (Meaned)
Calculated giving equal weight to each of four specimens 
taken from one sample»
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TREATED 
D i
oin
«I
l oe * 
k a
Pole
La t .L o n g .
342 -23 2.77 9 45 72N 92E
0 -22 2-99 147 10 85N 167E
9 -18 2.91 23 27 79N 143W
4 -18 2.90 21 28 82N 165W
15 -27 2.96 52 17 76N 108W
2 -34 2.00 812 9 87N 53W
- - 3 .08 - - - -
13 -21 3 • 94 52 13 7 6N 125W
(350 -35) - - - (80N 59E)
336 -33 3*83 18 22 67N 69E
1 +1 4 .90 40 12 74N 165E
(184 +41 3-98 131 8 83S 136E)
p o l e s  a r e  not  g iv e n  i f  t h e  r e s u l t a n t
be t e s t e d ,  t h e  mean d i r e c t i o n s  a r e  in  p a r e n t h e s e s
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o f  t h e s e  two f i e l d s  i n  r e d u c i n g  low c o e r c i v i t y  com ponen ts .
The i n d i v i d u a l  i n t e n s i t i e s  and d i r e c t i o n s  a r e  g i v e n  i n  Appendix  9 (a )  
and t h e  d i r e c t i o n s  a r e  p l o t t e d  i n  F i g u r e s  1 0 - i i  and 1 0 - v .  The 
s i t e  d i r e c t i o n s  a r e  g i v e n  i n  T a b l e s  10 -1  and 10-2  and t h e  i s l a n d  
mean d i r e c t i o n s  a r e  i n  T a b l e  10-3» I t  i s  e v i d e n t  t h a t  a l l  
s a m p l e s ,  e x c e p t  t h e  t u f f  f rom  E f a t e ,  have ' n o r m a l '  p o l a r i t y  
c l o s e  t o  t h e  p r e s e n t  E a r t h ' s  f i e l d  i n  t h e  New H e b r i d e s .  The
p r e c i s i o n  i s  l i t t l e  d i f f e r e n t  i n  e i t h e r  38 oe« o r  150 oe> and
t h e  mean d i r e c t i o n s  b e f o r e  o r  a f t e r  t r e a t m e n t  i n  e i t h e r  a*c«
f i e l d  a r e  v e ry  s i m i l a r .
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03 
1— 1 
Qi
C2
•
03
O
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• H
co
C5
CÖ
CO
03
ft
co I N I T I A L
0 O
£5
0
£5 D I  R k
Tongoa 4 1 2 2 4 3 5 8  - 2 2  3 . 9 5  5 5
L o p e v i 2 5 1 0 9  - 3 2  1 . 9 9  9 0
Pau Uma 1 4 8 ( 6 - 9 )  -  -
Ambrym 1 5 9 ii
KA1
A o b a 2 9 1 8 -  1 . 8 9  -
Tongoa
Lopevi
P o l e
L a t .L o n g '
TREATED (38 oe)
D I R  k a 
357 -21 3-95 58 1 2 83N 144E 
10 -31 1-99 71 30 80N 97W
TREATED (150 oe) P o i e
D I R k a La t .L ong*  
359 -21 3•94 53 13 841 157E 
9 -31 1 »99 78 29 82N 99W
Pau Uma(357 - 6 )  -
*
Ambrym ( 15 - 3 0 )  -
-  - (77N  154E) ( 6 - 5 )  -
-  - (76N 100W) ( 13 - 2 1 )  -
-  - (7 5 N  169W)
-  - (76N 125W)
Aoba _ 1 .91  _ _ _ _  1 .88  -  -  -
T a b le  10-3 I s l a n d  Mean D i r e c t i o n s  and P o l e s  
* e x c l u d i n g  t u f f s
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The tuff sample from Ambrym has a direction similar 
to the other 'normal' samples, and correction for the very- 
steep bedding takes the direction well away from these directions. 
The tuff sample from Efate gives 'reversed' directions and this 
remains very similar in both applied fields (Fig. 10-v)• The 
bedding is very shallow, and correction for the bedding makes 
very little difference to the direction.
10»5 A«C. Demagnetization and Stability
Fourteen pilot specimens from the lavas and four 
specimens from the Efate tuff were subjected to partial demag­
netization (Section 1.8) in various a«c. fields up to 750 oe. 
(peak)• The intensities and directions are plotted in 
Figure 10-iii, and their normalised intensities are graphed 
in Figure 10-iV* The Efate specimen directions and intensities 
are shown in Figure 10-v
The Lopevi, Tongoa and Ambrym pilot specimens, and 
specimen 19a (Pau Uma) show almost constant directions in all 
applied fields. Specimens 21a and 21b (Pua Uma) and all Aoba 
pilot specimens (30b, 31a 31b) show less constant directions and 
these tend to scatter at fields higher than 250 eo° The decrease 
of intensity is slow in all pilot specimens, and specimens 31a 
and 31b (Aoba) show an increase in intensity when low fields are 
applied» The Efate specimens show nearly constant directions 
up to 300 oe», after which they begin to scatter» The decrease 
in intensity is slow.
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F ig u re  1 0 - i i i  A.C DEMAGNETIZATION OF N.R.M ( d ir e c t io n s )
APPLIED FIELD (PEAK OERSTEDS)
•  O « 1 1 2  i  3 0 0
▲ 30 «  ISO •  4 5 0
▼ 75 t  225 •  75 0
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Figure 10-iv
A C  DEMAGNETIZATION OF N.R.M. (INTENSITIES)
bl I» the observed Intensity bio *• Initial Intensity
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SOLID IS POSITIVE HOLLOW IS NEGATIVE
© O « 300
$  ISO V 4 50
» 225 ® 750
APPLIED FIELD (PEAK OERSTEDS)
O  1*1 
or us
H *  peak oersteds
I NTENSITIES *  b  InttnoHy M© to 11»« Initial totoiwlty
Figure 10-v
A.C. DEMAGNETIZATION OF N.R.M- EFATE
CONNECTING LINES DO NOT NECESSARILY FOLLOW THE PATH 
TRACED OUT BY THE DIRECTION BETWEEN STEPS
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The a » c .  d e m a g n e t i z a t i o n  b e h a v i o u r  s u g g e s t s  t h a t  most 
spe c im e n s  a r e  s t a b l e  i n  a l t e r n a t i n g  f i e l d s ,  w i th  t h e  e x c e p t i o n  
o f  t h e  Aoba s p e c im e n s ,  and one sample  f rom  Pau Uma.
1 0 » 6 Average  I n t e n s i t y  and S u s c e p t i b i l i t y
The a v e r a g e  i n t e n s i t i e s  and s u s c e p t i b i l i t i e s  (T a b le  10-4)  
a r e  m o d e r a t e l y  h ig h ,  a l t h o u g h  t h e  t u f f s  a r e  o n ly  weak ly  m agnetic»
Ns M.—i M , — M—  \< 0 Ns X
Tongoa 24 4 »72 4 «22 2 .9 9 11 5 .8 2
L o p e v i 10 8 .1 7 7»37 5*64 5 3 .0 1
Pau Uma 8 2 .5 9 2.14 1 . 4 9 4 1 3 .7 1
*
Ambrym 9 23» 54 20 .76 14-95 5 4 .1 2
Aoba 18 4 »74 3-81 2.44 8 4 “ 60
**
Ambrym 2 0 . 1 7 0 . 2 9 0 . 2 1 1 7 .5 7
#*
Ef a t  e 4 0 . 0 5 - 0 .0 4 0 ""
*
A l l 69 7 .4 3 6 .49 4 o 61 33 4»55
T a b l e  10-4  Average I n t e n s i t i e s  and S u s c e p t i b i l i t i e s
I n t e n s i t y ( m) and s u s c e p t i b i l i t y ( x )  i n  e»m»u»/cm x 10
i  = i n i t i a l  = 38 o e » ( p e a k )  " * °  =150 o e » (p e a k )
* e x c l u d i n g  t u f f s  ** t u f f s  o n ly
N = No» s p ec im en s  N = No. sampless o
1 0 «7 A n i s o t r o p y  of  TRM
Two s p ec im en s  were g i v e n  a TRM (T a b le  10 -5 )  i n  t h e  
\ o
l a b o r a t o r y  ( S e c t i o n  1»8J by h e a t i n g  them t o  750 G» and c o o l i n g  
them i n  t h e  E a r t h ' s  f i e l d  ( l l » 3 , - 6 5 * 0 , 0 . 5 9  oe»)  w i th  t h e i r  
o r i e n t a t i o n  marks  i n  t h e  m a g n e t i c  m e r i d i a n .  There  i s  some 
doubt abou t  t h e  a c c u r a c y  o f  t h e  measurement o f  t h e  a c q u i r e d
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direction but their similarity to the applied field suggests 
there is little or no anisotropy present.
Spec • D I £
Lopevi 14a 2 -64 1
Ambrym 27a 6 -63 3
Table 10-5 TRM Directions
& = Angular deviation from applied field
10.8 Isothermal Remanent Magnetization
Two specimens were given an IRM (Section 1.8) and the
maximum remanence (M ), the field required to produce M- max —max
(H ), and the coercivity of maximum remanence (H ) are max c x*
given in Table 10-6* Both specimens have only a moderate H 
so cannot be taken as stability indicators.
Spec • Hcr M—max Hmax
Tongoa 13b 200 550 1000
Pau Uma 21b 240 1100 1800
Table 10-6 IRM Properties 
M in e.m.u./cm x 10 H in oersteds
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10*9 D i s c u s s i o n  : R e l i a b i l i t y
S t a b i l i t y  i s  i n d i c a t e d  by t h e  f o l l o w i n g  p o i n t s : -
(1)  The mean d i r e c t i o n  i s  c l o s e r  t o  t h e  a x i a l  d i p o l e  f i e l d  i n  
t h e  New H e b r i d e s  t h a n  t o  t h e  p r e s e n t  f i e l d  (T ab le  1 0 -7 )«
(2) A l l  p i l o t  spec im en  d i r e c t i o n s  a r e  l i t t l e  changed i n  a « c .  
f i e l d s  up t o  750 oe* ( 3 ) The d i r e c t i o n s  a r e  c o n s i s t e n t  b o th  
w i t h i n  and b e tw ee n  s i t e s .  This c o n s i s t e n c y  o c c u r s  i n  r o c k s
up t o  200 kms.  a p a r t .
I t  i s  c o n c lu d e d  t h a t  t h e  s i g n i f i c a n t  s i t e s  a r e  
r e l i a b l e ,  and p r o b a b l y  u n a f f e c t e d  by a n i s o t r o p y .  The Pau Uma 
and Aoba sp ec im en  d i r e c t i o n s ,  however ,  a r e  n o t  r e l i a b l e  
i n d i c a t o r s  of  p a s t  f i e l d s .  The t u f f  sample  f rom E f a t e  a p p e a r s  
t o  be s u i t a b l e ,  f o r  p a l a e o m a g n e t i c  r e s e a r c h  as  i t  i s  ' r e v e r s e d '  
and a p p e a r s  s t a o l e  i n  a » c .  f i e l d s ,  w h i l e  i t  does  no t  a p p e a r  
t o  have  b e e n  a f f e c t e d  by a  d e p o s i t i o n a l  ' e r r o r '  (which would 
r e d u c e  t h e  i n c l i n a t i o n ,  b u t  t h e  o b s e r v e d  i n c l i n a t i o n  i s  s t e e p e r  
t h a n  t h a t  of  t h e  a x i a l  d i p o l e  f i e l d ) .
1 0 .1 0  D i s c u s s i o n  : G e n e r a l
I t  would be of v a l u e  t o  o b t a i n  f u r t h e r  sam p les  of  
E f a t e  t u f f  t o  c o n f i r m  t h e  ' r e v e r s e d '  p o l a r i t y ,  which i s  an 
e x a c t  r e v e r s a l  o f  t h e  p r e s e n t  f i e l d  d i r e c t i o n  (T a b l e  10 -5 )*  
and f u r t h e r  s a m p l e s  would th row  l i g h t  on t h e  t e c t o n i c s  o f  t h e  
r e g i o n  i n  g e n e r a l .  F o r  exam ple ,  sam p les  f rom E f a t e  and t h e  
i s l a n d s  i m m e d i a t e l y  n e x t  t o  i t  would  be of  i n t e r e s t  i n  c h e c k in g
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on the origin of the deep water channels between these islands 
which may be due to local translations*
The Ambrym tuff appears to be magnetized in a direction 
closer to the axial dipole field in the New Hebrides than the 
present field, and its a*c* demagnetization behaviour at 38 and 
150 oe* (peak) would suggest that this magnetization is of a 
high coercivity, and probably of a TRM type* More work, however, 
is necessary to verify this, but the explanation must explain 
this similarity of direction, and the poor agreement when cor­
rection is made for the bedding.
Lava sites1
D I
356 -24
a
11
fP
19
£i
18
fa
6
Lava sites2 1 -22 10 19 18 8
Efate2 * 4 -41 - 11 18 10
2Ambrym tuff 350 -35 - 5 8 12
Table 10-7 Comparison of Significant Site Directions
1 Treated in 38 oe*(peak) a«c*field
2 Treated in 150 oe•(peak)a*c.field
* Irrespective of sign
£ = angular deviation from the present field
 ^ in the New Hebrides (10,-39)
£. = angular deviation from the inclined geomagne-tic
dipole field in the N*H* (12,-36)
£ = angular deviation from the axial geocentric
a dipole field in the N*H* (0,-30)
There is no evidence of large scale (i*e* greater than
O v20 ) rotation of any of the islands sampled* This might be 
because the rocks are very young, although the geological estimates
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vary from mid Pliocene to Recent. The presence of one polarity 
(excluding Bfate), the similarity of site direction^ and their 
closeness to the axial dipole field (Table 10-7) is suggestive 
that most of the activity took place during the same polarity 
period- As sites on two islands Lopevi and Ambrym are probably 
of Historic age, there is reason to suppose that this polarity 
zone is the same as at present. However, the sampling is on a 
very broad scale and it is probable that other polarity zones are 
present but have not been detected. This work, however, suggests 
that the rocks of these islands are suitable for palaeomagnetic 
research so that considerable information could be obtained 
concerning the tectonic behaviour of this part of the Pacific.
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C h a p t e r  11
VIT I  LEVU -  F I J I
11»1 I n t r o d u c t i o n  and  Summary
The Crown Colony of  F i j i  c o m p r i s e s  abou t  300 i s l a n d s  
o f  which t h e  two l a r g e s t  a r e  V i t i  Levu and Vanua L e v u • V i t i  
Levu (Fig* 11 — i )  fo rm s  o v e r  h a l f  o f  t h e  t o t a l  a r e a  o f  t h e  
Colony  (1 0 ,5 0 0  km2 o f  18 ,250  km2)* I t  i s  m o u n ta in o u s ,  r i s i n g  
o v e r  1 ,000  m* i n  many p l a c e s ,  and a c c e s s  t o  t h e  i n t e r i o r  i s  
o f t e n  d i f f i c u l t *
A t o t a l  of  126 sam p les  were  o b t a i n e d  from 58 s i t e s  
on V i t i  Levu and two sam p les  f rom Vanua Levu were s e n t  by 
Dr* M*J* R i c k a r d  o f  t h e  F i j i  G e o l o g i c a l  Survey* The V i t i  Levu 
s i t e s  a r e  o f t e n  i n  w e a t h e r e d  r o c k  and a r e  a l m o s t  a l l  a l o n g  t h e  
ro ad  c i r c l i n g  t h e  i s l a n d ,  a l t h o u g h  some a r e  a l o n g  t r a c k s  and 
s t r e a m s  l e a d i n g  i n t o  t h e  i n t e r i o r *  Most s i t e s  a r e  a t t r i b u t e d  
t o  c e r t a i n  f o r m a t i o n s  on t h e  a d v i c e  of  t h e  F i j i  G e o l o g i c a l  
Survey  ( r e f e r e n c e  G*S* 1 5/ 6/ 26 ) b u t  i t  s h o u ld  be em phas i sed  
t h a t  t h e r e  i s  c o n s i d e r a b l e  doubt  r e g a r d i n g  t h e  s t r a t i g r a p h i c a l  
p o s i t i o n  of  s e v e r a l  of  t h e  s i t e s *
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T here  i s  e v id e n c e  t h a t  a lm o s t  a l l  t h e  spec im ens  a r e  
u n s t a b l e ,  e x c e p t  i n  t h e  P l i o c e n e  and l a t e r  f o r m a t i o n s ,  where 
i n s t a b i l i t y  i s  s t i l l  p r e s e n t  i n  many spec im ens*  T h i s  means t h a t  
few c o n c l u s i o n s  can  be drawn f rom t h i s  d a t a ,  a l t h o u g h  t h e r e  i s  
e v i d e n c e  f o r  a  r e v e r s a l  of  p o l a r i t y  w i t h i n  t h e  Mba V o l c a n i c s  
w h ich  i s  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  r e v e r s a l  o f  t h e  E a r t h ' s  
m a g n e t i c  f i e l d  i n  t h e  midd le  Lower P l e i s t o c e n e *
11*2 Geology
V a r i o u s  g e o l o g i s t s  have v i s i t e d  V i t i  Levu,  but  t h e i r  
o p i n i o n s  v a r y ,  r e f l e c t i n g  t h e  c o m p l e x i t y  and v a r i e t y  o f  t h e  
g e o l o g y  of  t h e  i s l a n d *  The main  g e o l o g i c a l  work com p le te d  
b e f o r e  t h e  1939-45  War was by Woolnough (19 0 3 a , b , 1907) ,  Brock  
(1924) and Ladd (1934)* S h a c k l e t o n  p ro d u ced  a map of t h e  i s l a n d  
i n  1936 b u t  t h i s  has  no t  been  p u b l i s h e d *  In  1958,  t h e  F i j i a n  
G e o l o g i c a l  S urvey  b egan  p u b l i s h i n g  a s e r i e s  o f  1 :5 0 , 0 0 0  
g e o l o g i c a l  maps,  each  accompanied  by an e x p l a n a t o r y  B u l l e t i n *  
A p p ro x im a t e ly  one h a l f  of  t h e  i s l a n d  has  now been  mapped 
( F i j i *  Geol* S u r v •,  1963) and h a l f  of  t h i s  has  been  p u b l i s h e d *
The o u t l i n e  map (F ig*  11 — i ) i s  b a s e d  on a map 
p r o v i d e d  by P* Rodda of  t h e  F i j i  G e o l o g i c a l  S urvey  i n  J u l y  1962*
I t  i s ,  o f  c o u r s e ,  s u b j e c t  t o  r e v i s i o n  a s  mapping p r o g r e s s e s *
The b r i e f  d e s c r i p t i o n  of  t h e  i n d i v i d u a l  f o r m a t i o n s  and t h e  
s t r a t i g r a p h i c a l  t a b l e  (T a b le  11 -1 )  i s  b a s e d  on p u b l i s h e d  B u l l e t i n s  
o f  t h e  F i j i  G e o l o g i c a l  S u rvey  (Houtz  1958,  1959,  I9 6 0 ;  Bar tho lomew
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PERIOD E V E N T S SERIES
RECENT
PLEISTOCENE
U. PLIOCENE
PLIOCENE
MIO-
PLIOCENE 
M. MIOCENE
L. MIOCENE 
OLIGOCENE 
EOCENE
Table 11-
THUVU
14* Formation of raised beaches, deltas, 
sand dunes and river flats 
13* Uplift of about 300 m.
12. Extensive erosion surface developed 
with local accumulations of 
calcareous sandstones 
11« Uplift of about 700 m.
10. Local outpouring of andesitic lavas TAVUA 
9» Widespread eruptions of basalts from 
fissures and local centres MBA
8* Andesitic eruptions, some folding KOROIMAVUA/
/SAMBETO
SUVA
and faulting
7» Extensive deposition conglomerates, 
fine muds, sands and limestone 
6. Submergence of land 
5« Prolonged subaerial erosion
4* Folding, faulting, andesitic eruption NAMOSI 
3- Accumulation of sediments around 
margins and in fault troughs 
2. Strong folding, faulting with 
plutonic intrusions 
1• Submarine eruption of basalts,
andesites; sediment accumulation
SINGATOKA
THOLO
WAINIMALA
1 Provisional Stratigraphical Table of Viti Levu 
(Rickard, personal communication)
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1959,  1960; I b b o t s o n  I9 6 0 ,  1962) and i n  c o n s u l a t i o n  w i t h  Dr 
M«J. R ic k a r d  ( p e r s o n a l  com m un ica t ion )*  The r o c k s  a r e  o f t e n  
d e e p l y  w e a t h e r e d  and i t  i s  d i f f i c u l t  t o  o b t a i n  f r e s h  samples*
The o l d e s t  d a t e d  r o c k  i s  a  l i m e s t o n e  c o n t a i n i n g  
Upper Eocene f o s s i l s  ( I n d o n e s i a n  t i m e  s c a l e  -  s t a g e  ' b ' ) *
T h i s  i s  u n d e r l a i n  by p y r o c l a s t i c s  of  p r o b a b l y  v e r y  s i m i l a r  age* 
These r o c k s  a r e  i n c l u d e d  i n  t h e  Wain ima la  S e r i e s  which c o m p r i s e s  
a m i x t u r e  o f  r o c k  t y p e s ,  i n c l u d i n g  b a s i c  and i n t e r m e d i a t e  l a v a s ,  
g r i t s ,  b r e c c i a ,  a r g i l l i t e s  and l i m e s t o n e *  One of  t h e  l i m e s t o n e s  
i n  t n e  l o w e r  p a r t  o f  t h e  se q u e n c e  has  f o r a m i n i f e r a  of  Lower 
Miocene ( ' e ' s t a g e )  age These  r o c k s  a r e  o f t e n  a l t e r e d ,  f a u l t e d  
and f o l d e d ,  and i n t r u d e d  by a complex i n t r u s i v e  g ro u p ,  t h e  
T h p l 0 P l u t o n i c s , w hich  r a n g e  i n  c o m p o s i t i o n  f rom b a s i c  t o  
a c i d i c *  T h i s  v a r i a b l e  c o m p o s i t i o n  i s  t h o u g h t  t o  o r i g i n a t e  by 
h y b r i d i s a t i o n  o f  a  g a b b r o i c  magma w i t h  t h e  c o u n t r y  rock* The 
main a c t i v i t y  was p r o b a b l y  i n  t h e  Middle  Miocene* One g r a n i t i c  
sample  from t h i s  g roup  ( s i t e  33) has  been  d a t e d  by r a d i o - i s o t o p e  
k/ a me thods  a s  a b o u t  33 tn»y* (McDougall 1963b) a l t h o u g h  t h e r e  
was c o n s i d e r a b l e  a i r  c o n t a m i n a t i o n *  P r e v i o u s l y  z i r c o n s  
o b t a i n e d  f rom  t h e  same s i t e  have been  d a t e d  by t h e  P b /a  method 
a s  560 m*y* b u t  t h i s  r e s u l t  has  s i n c e  been  c o r r e c t e d  f o r  
anomolous  l e a d  and d a t e d  a s  a b o u t  50 m*y* ( R ic k a rd  p e r s o n a l  
com m un ica t ion )*  T hese  d a t e s  s u g g e s t  t h a t  t h i s  i n t r u s i o n  i s  of  
Eocene  o r  O l i g o c e n e  age on t h e  Kulp (1961)  t i m e  s c a l e -
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The S i n g a t o k a  S e r i e s  i s  complex i n  c o m p o s i t i o n ,  i n v o l ­
v i n g  a r g i l l i t e s ,  s a n d s t o n e s ,  b r e c c i a ,  v o l c a n i c s  and l i m e s t o n e s  -  
some i n c l u d i n g  ' f '  s t a g e  f o s s i l s  (M idd le -U ppe r  M io c e n e ) .  The 
Namosi S e r i e s  c o n t a i n s  a n d e s i t e  f l o w s  and b r e c c i a s  and i s  known 
t o  be p r e  Suva S e r i e s ,  and may b e l o n g  t o  t h e  S i n g a t o k a  S e r i e s  
and r e p r e s e n t  d e c l i n i n g  s t a g e s  of  t h e  Tholo  P l u t o n i c  p h a s e .
The S a v u ra  V o l c a n i c s  i s  a t e rm  u s e d  by I b b o t s o n  ( i 9 6 0 )  
t o  i n c l u d e  a l l  t h e  v o l c a n i c s  i n  t h e  Suva r e g i o n  which  were 
e x t r u d e d  b e tw ee n  t h e  end o f  t h e  W ain im a la  S e r i e s ,  and t h e  s t a r t  
o f  t h e  Suva S e r i e s .  The c o m p o s i t i o n  a p p e a r s  t o  change  f rom 
b a s i c  t o  a n d e s i t i c ,  t h e n  becoming more b a s i c  a g a i n -  The f l o w s  
a r e  s e p a r a t e d  by w e l l  d e f i n e d  e r o s i o n a l  s u r f a c e s *  These  v o l c a n i c s  
may be e q u i v a l e n t ,  i n  p a r t ,  t o  t h e  Namosi S e r i e s .
The Suva S e r i e s  c o n s i s t s  of  m u d s to n e s ,  m a r l s ,  l i m e ­
s t o n e s ,  t u f f s  and some o l i v i n e  b a s a l t s -  Some of  t h e  l i m e s t o n e s  
c o n t a i n  f o r a m i n i f e r a  a t t r i b u t e d  to  Upper Miocene-Lower  P l i o c e n e  
( ' g '  s t a g e )  and t h e  S e r i e s  have g e n e r a l l y  been  r e g a r d e d  a s  
Miocene -  P l i o c e n e *  The b e d s  a r e  on ly  s l i g h t l y  t i l t e d  o v e r  
most  o f  t h e i r  o u t c r o p ,  bu t  o f t e n  d i p  s t e e p l y  n e a r  t h e  c o a s t .
T h i s  may be due t o  d e p o s i t i o n  on a s l o p i n g  s e a - b e d ,  or  t o  an 
u p l i f t  o f  t h e  i s l a n d  c a u s i n g  t h e  m arg in s  t o  be w arped .  The 
w e a t h e r i n g  i n  t h e  S e r i e s  o f t e n  e x c e e d s  15 m« and f r e s h  r o c k  i s  
o n ly  r a r e l y  seen* The Sambeto V o l c a n i c s  have been  mapped i n  
w i t h  t h e  Suva S e r i e s  a s  t h e  v o l c a n i c s  were  t h o u g h t  t o  i n t e r c a l a t e
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i n  some a r e a s  w i t h  Suva S e r i e s  m a r l s ,  bu t  t h e y  a r e  now r e g a r d e d  
a s  l y i n g  above  t h e  Suva S e r i e s  and a r e  p o s s i b l y  e q u i v a l e n t  t o  
t h e  Koroimavua* McDougall  (1963b)  has  o b t a i n e d  k/ a r a d i o g e n i c  
d a t e s  on b i o t i t e s  f rom t h e  Sambeto V o l c a n i c s  (5*3-5*4  m .y . )  
and f rom an a s s o c i a t e d  m onzon i te  p l u g  (4«8-5*0 m*y*) which 
s u g g e s t  t h a t  t h e  Koroimavua S e r i e s  i s  o f  Upper P l i o c e n e  age 
a t  l e a s t  i n  p a r t •
The Koroimavua S e r i e s  c o m p r i s e s  v o l c a n i c  b r e c c i a s  
and l a v a s ,  and i s  s i m i l a r  to  t h e  Naraosi S e r i e s ,  e x c e p t  t h a t  i t  
i s  more b a s i c  and l i e s  u n c o n fo rm a b ly  be tween  t h e  Suva and 
Mba S e r i e s .  A marked e r o s i o n a l  s u r f a c e  d e v e l o p e d  d u r i n g  t h e  
P l i o c e n e  b e f o r e  t h e  e x t r u s i o n  of  t h e  Mba V o l c a n i c s « These  
c o n s i s t  o f  e s s e n t i a l l y  o c e a n i c - t y p e  a u g i t e - o l i v i n e  b a s a l t ,  
w h ich  i s s u e d  f rom  a  s e r i e s  of  f i s s u r e s .  In  some a r e a s ,  t h e  
b a s a l  l a v a s  a r e  i n t e r b e d d e d  w i t h  t u f f s  and m a r l s  which  i n c l u d e  
Upper P l i o c e n e  f o s s i l s  ( ' h ' s t a g e ) .  The V a t i a  S e r i e s  i s  a n d e s i t i c  
and i s  p o s s i b l y  co n tem p o ran eo u s  w i t h ,  o r  s l i g h t l y  l a t e r  t h a n ,  
t h e  Mba V o lc a n i c s *
F o l l o w i n g  t h e  Mba and V a t i a  S e r i e s ,  t h e  whole r e g i o n  
was p e n e p l a i n e d »  d e e p l y  d i s s e c t e d  and a t h i c k  l a t e r i t e  formed*
A c a l d e r a  a t  V a tu k o u l a  fo rm ed  a b a s i n  f o r  an a c c u m u l a t i o n  of  
s e d i m e n t s  and a n d e s i t e s ,  t h e  Tavua  S e r i e s * The Thuvu S e r i e s  
c o n s i s t s  o f  l o c a l  d e p o s i t s  o f  c a l c a r e o u s - s a n d s t o n e s  and b e a c h  
d e p o s i t s  l y i n g  on a p r o b a b l y  P l e i s t o c e n e  e r o s i o n  s u r f a c e -
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One of  t h e  Vanua Levu sam p les  (a ) i s  f rom a t h i n  
a u g i t e - b a s a l t  f low  i n  b a s i c  a n d e s i t i c  b r e c c i a s  on N d e la i k o r o  
Mounta in-  The o t h e r  s a m p le s  (b ) i s  o f  h o r n b l e n d e  a u g i t e  a n d e s i t e  
o r  m i c r o d i o r i t e  from a v o l c a n i c  p l u g  a t  N d e la n a th a u  ( R i c k a r d ,  
p e r s o n a l  com m unica t ion )*
11*3 P a l a e o m a g n e t i c  R e s u l t s
A l l  spec im ens  were  t r e a t e d  i n  150 oe* (peak)  a l t e r n a t i n g  
m a g n e t i c  f i e l d s  i n  an  a t t e m p t  t o  r e d u c e  t h e  e f f e c t s  of  low 
c o e r c i v i t y  components  ( S e c t i o n  1*8)* The spec im en  d i r e c t i o n s  
and i n t e n s i t i e s ,  b e f o r e  and a f t e r  t r e a t m e n t ,  a r e  g i v e n  i n  
Appendix 1 0 (a )  and t h e  d i r e c t i o n s  a r e  p l o t t e d  i n  F i g u r e  1 1 - i i *
The s i t e  d i r e c t i o n s  a r e  g i v e n  in  T a b le  11-2* Only t r e a t e d  
s i t e  d i r e c t i o n s  w i l l  be d i s c u s s e d  b e l o w
Only t h r e e  s i t e s  i n  t h e  V a i n i m a l a  S e r i e s  a r e  s i g n ­
i f i c a n t  and t h e s e  s i t e  d i r e c t i o n s  a r e  a l l  i n  t h e  n o r t h - e a s t  
q u a d r a n t *  The s c a t t e r  be tween  t h e  s i g n i f i c a n t  s i t e s ,  and a l s o  
be tw een  a l l  o t h e r  s i t e s ,  i s  l a r g e  and t h e r e  i s  no t e n d e n c y  f o r  
g rou p in g *  Two s i t e s  i n  t h e  S i n g a t o k a  S e r i e s  a r e  s i g n i f i c a n t ,  
and  b o th  d i r e c t i o n s  a r e  i n  t h e  n o r t h - e a s t  q u a d ra n t*  T h e re  i s  
a  t e n d e n c y  f o r  a l l  s p e c im e n  d i r e c t i o n s  t o  l i e  i n  t h e  same 
q u a d r a n t ,  a l t h o u g h  t h e  g r o u p i n g  i s  v e r y  weak* None of  t h e  
s i t e s  i n  t h e  Tholo  P l u t o n i c s  a r e  s i g n i f i c a n t  and t h e  spec im en  
d i r e c t i o n s  a r e  w id e l y  s c a t t e r e d *
One s i t e  i n  t h e  S a v u ra  V o l c a n i c s  i s  s i g n i f i c a n t  and
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£  I N I T I A L  T R E A T E D
P o l e
£  D I R  k D I R k a  La t .L ong*
THUVU SERIES
19 1 2 (321 - 1 1 ) - - (315 +3) - - - - -
MBA VOLCANICS
46 2 4 78 +10  1 . 9 9 79 134 +19 1 - 9 8 66 31 45S 89W
47 3 6 - -  1 .93 - - -  0 . 5 6 - - - -
48 1 2 (125 -2 9 )  - - ( 8 - 5 6 )  - - - - -
49 3 6 347 -44 2 .94 99 342 - 4 8  2 . 9 8 83 14 70N 51 E
50 2 3 - -  1 . 9 2 - - -  1 . 9 1 - - - -
51 3 6 334 -3 5  2 . 9 8 107 335 -3 3  2 .99 385 6 67 N 82E
52 1 2 (259 - 7 1 )  - - ( 2 1 0 - 7 2 )  - - - - -
53 2 4 - -  1 .80 - 59 -73  1 . 9 8 42 39 31 N 34W
54 2 4 - -  1 .6 5 - 146 +24 1 .9 9 73 30 58S 89W
55 1 2 (111 - 1 8 )  - - (134 +18) - - - - -
56 2 2 203 +13 2 .00 213 - -  1 .94 - - - -
57 3 5 186 +6  2 . 6 6 6 200 +4 2.91 23 27 65S 53E
58 2 4 145 +8  1-97 32 1 56 +32 2 . 0 0 343 14 67S 95W
SUVA SERIES
1 1 3 (327 - 2 4 )  - - ( 32 - 1 5 )  - - - - -
5 1 1 ( 2 + 5) - - ( 76 - 1 0 ) - - - - -
1 2 1 2 (352 - 3 9 )  - - ( 20 - 3 2 )  - - - - -
13 1 1 ( 92 - 1 0 ) - - ( 98 - 5 )  - - - - -
14 1 2 ( 88 - 4 3 )  - - ( 65 - 4 4 )  - - - - -
15 1 2 ( 90 - 7 0 )  - — (128 - 6 5 )  - - - - -
c o n t i n u e d  o v e r
T a b l e  1 1 - 2  SITE DIRECTIONS AND POLES
T r e a t e d  i s  i n  150 o e r s t e d s  (p e a k )  a l t e r n a t i n g  f i e l d «  
C a l c u l a t e d  g i v i n g  e q u a l  w e i g h t  to  e a c h  s am p le .
D i r e c t i o n s  and p o l e s  a r e  no t  g i v e n  i f  t h e  r e s u l t a n t  v e c t o r ( R )  
i s  random, and where  t h e  s i g n i f i c a n c e  c a n n o t  be t e s t e d ,  
t h e  mean d i r e c t i o n s  a r e  i n  p a r e n t h e s e s .
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k D
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P o l e
L a t . L o n g .
1 6 1 2 ( 63  - 1 9 )  - - ( 1 1 9 - 3 2 )  - - - - -
4 3 1 2 ( 2 8 6  - 4 8 )  - - ( 2 6 2 + 2 8 )  - - - - -
4 4 1 2 ( 1 7 1  - 2 6 )  - - ( 1 2 5 - 3 5 )  - - - - -
4 5 3 5 3 4 2  - 1 8  2 . 9 0 20 34 1 - 1 7  2 . 9 0 21 2 8 7 0 N 11 2E
KOROIMAVUA ( ? )
4 5 1 0 -  2 . 5 1 - 1 98 + 3 6  3 - 5 9 3 5 6 7 2 S 9 7 E
THOLO P L U T O N IC S
3 3 4 8 57  - 5 5  3 - 5 0 6 - -  2 . 5 6 - - - -
34 1 2 ( 3 5 0  + 2 7 )  - - ( 7 7 - 4 3 )  - - - - -
3 5 1 2 ( 1 6 9  + 3 )  - - ( 1 4 6 - 1 1 ) - - - - -
41 4 7 -  2 . 7 2 - - -  1 . 6 6 - - - -
SAVURA
2 6 1 3 1 6 6  - 6 1  5 * 1 6 6 1 9 5 - 7 6  5 - 3 8 8 25 7 S 5E
3 5 9 - 1 . 9 4 - - -  2 . 1 5 - - - -
S I N G ATOKA
26 2 4 10  - 2  1 . 9 7 3 4 3 0 - 1 7  1 . 9 8 4 9 3 6 5 9 N 1 0  6W
27 2 4 -  1 . 6 1 - - -  1 . 8 4 - - - -
2 8 1 2 ( 1 2 - 4 4 )  - - ( 1 7 - 1 5 )  - - - - -
2 9 3 6 -  2 . 6 2 - - -  2 . 5 8 - - - -
3 0 3 6 2 - 3 1  2 . 8 9 17 2 - 3 8  2 . 9 5 4 4 1 9 8 6 N 38W
WAINIMALA !3 ER I E S
6 1 1 ( 1 5 8  - 2 9 ) - - ( 9 7 - 1 5 )  - - - - -
7 1 1 ( 51 + 1 7 )  - - ( 4 4 + 3 0 ) - - - - -
8 3 4 - 1 . 1 5 - - -  1 . 3 9 - - - -
9 2 4 -  1 . 5 3 - - -  1 . 8 5 - - - -
10 2 4 7 7  - 3 6  1 . 9 9 7 7 7 3 - 2 4  1 . 9 9 1 5 5 20 2 0  N 85W
11 2 3 -  1 . 0 9 — 3 0 - 4 3  1 . 9 9 91 26 61 N 73W
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I N I T I A L  
D I  R k D
T R E A T E D
Po le
I  R k a L a t . L o n g .
17 2 4 -  1 .53  - - -  1 .7 5  -  -
18 3 6 -  2 .6 0  - - -  2 .5 6  -  -
20 2 4 i
c— 
00•11 58 + 14 1 .99  168 19 27N 111W
21 1 2 (109 - 1 7 )  - No m e a s u rea b le  moment
22 2 4 -  1 .2 9  - - -  0 .9 3  -  -  -  -
23 2 4 i t _i 0
 
00 1 - iiiii
24 1 1 ( 76 - 3 4 )  - (329 +56) -  -  -
25 1 1 ( 46 - 6 4 )  - ( 41 +18) -  -  -
31 1 2 (306 - 8 5 )  - (146 +4) -  -  -
32 2 4 -  1 .21 - - !111
OCO1
36 1 2 (304 +7) - (304 + 2) -  -  -  -  -
37 1 1 N o  M e a s u r  e a b l e  M o m e n t
38 1 1 N o  M e a s u r  e a b l e  M o m e n t
39 2 3 i
CMCOo11 - iiii
oVO•i
42 1 1 (329 +28) - (262 !1111
00CM+
UPPER EOCENE
40 1 2 ( 33 - 2 4 )  - ( 57 - 1 6 )  -  -  -  -  -
VANUA LEVU
A 1 3 -0 -p. i -p* ! 1 (170 - 6 )  -  -  -  -  -
B 1 1 (136 +33) - (134 +37) -  -  -
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F ig u re  1 1 - i i  fijian  specimen directions
plotted on an equal-area projection
o NORTH ROLE UPWARDS 
<3 DOWNWARDS
K DIRECTION OF MAGNETIC NORTH 
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11.3
this is 'reversed'• Most specimen directions are similar to 
those at this site, lying in the south-west quadrant. The 
Koroimavua(?) or Namosi site forms a tight,'reversed' group of 
specimen directions in the south-west quadrant, although one 
specimen has a much shallower inclination than the others*
The Suva Series contains only one significant site 
but there is a distinct grouping of specimen directions in the 
north-west quadrant. Neither the Thuvu or Upper Eocene samples 
can be regarded as significant as only one sample was obtained 
in each formation*
Seven sites in the Mba Volcanics are significant, of 
which four are 'reversed' (Sites 46, 54, 57, 58) and two are 
'normal' (Sites 49, 51)• One significant site(53) cannot be 
termed of either polarity and is called 'intermediate'« The 
specimen directions of all other sites tend to fall into two 
antiparallel groups. The stratigraphical position of most of 
these sites is not known, with the exception of site 50-55 in 
which the site number increases with age (Table 11-3)* Both 
Vanua Levu samples are 'reversed' but the agreement between 
the two samples is poor
Site Polarity
Top 50 (N)
51 N N = 'normal'
52
53
(?)? R = 'reversed'
54 R ? = 'intermediate'
Bottom 55 (R) () = not significant
Table 11-3 Mba Volcanics - Polarity in One Section
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11 .4
1 1 «4 A«C« D e m a g n e t i z a t i o n  and S t a b i l i t y
Ten p i l o t  s p e c im e n s  were  t a k e n  from f i v e  f o r m a t i o n s  
and t h e s e  were s u b j e c t e d  t o  v a r i o u s  a l t e r n a t i n g  f i e l d s  ( S e c t i o n  
1«8) up t o  750 oe (p e a k )*  The i n t e n s i t i e s  and d i r e c t i o n s  a r e  
g i v e n  i n  Appendix  10 (b )  « The n o r m a l i s e d  i n t e n s i t i e s  a r e  
g r a p h e d  i n  F i g u r e  1 1 - i i i  and t h e  d i r e c t i o n s  a r e  p l o t t e d  i n  
F i g u r e  1 1 - iv *
The d e c r e a s e  i n  i n t e n s i t y  of  s i x  o f  t h e  p i l o t  spec im ens  
was v e r y  r a p i d «  The r e m a i n i n g  s p e c im e n s  (Tholo -  85a ,  8 6 a ;
Mba -  123a and Suva  -  6a)  show a more g r a d u a l  d e c r e a s e *  As 
t h e  i n i t i a l  i n t e n s i t y  o b s e r v e d  i n  t h e  Tholo  and Suva spc im ens  
was low,  i t  i s  no t  c o n s i d e r e d  t h a t  t h e s e  c u r v e s  c an  be c o n s i d e r e d  
a s  s t a b i l i t y  i n d i c a t o r s *
The d i r e c t i o n s  r e m a in  f a i r l y  c o n s t a n t  up t o  200 oe« 
(peak)  f i e l d  i n  one Suva spec im en  ( 6 a ) ,  t h e  S i n g a t o k a  spe c im e n s  
(5 1 a ,  5 2 a ) ,  one Mba spec im en  (123a)  and one Tholo spec im en  (85a)«  
T h i s  i s  s u g g e s t i v e  t h a t  some spec im en  d i r e c t i o n s  may be s t a b l e  
when t r e a t e d  i n  150 oe« (p eak )  a l t e r n a t i n g  f i e l d «
1 1 »5 A verage  I n t e n s i t y  and S u s c e p t i b i l i t y
The a v e r a g e  i n t e n s i t i e s  (T a b le  11-4)  a r e  much h i g h e r  
i n  t h e  Mba V o l c a n i c s ,  Sambetc^ S a v u r a  and Vanua Levu s p ec im en s  
t h a n  t h o s e  of  o t h e r  f o r m a t i o n s *  T h i s  i s  p r o b a b l y  b e c a u s e  t h e s e  
sp ec im en s  a r e  f r e s h e r  and of  i g n e o u s  c o m p o s i t i o n  -  most o t  her 
s am p les  a r e  o f  w e a t h e r e d ,  s e d i m e n t a r y  r o c k s .  The s u s c e p t i b i l i t i e s  
(T ab le  11 -4 )  a r e  s i m i l a r  i n  most  f o r m a t i o n s .
236
AI23a
•124b
SUVA
•  20a
THOLO
SINGATOKA
A 39b
WAINIMALA
H p^ok oersteds
Pigure 1 1 - i i i
A.C. DEMAGNETIZATION OF N.R.M. (INTENSITIES)
y  h  tile abate w ad 5* IfiMöl {nt«n»Uy
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F ig u r e  1 1 - i v  A.C. DEMAGNETIZATION OF N.R.M ( d ir e c t io n s )
APPLIED FIELD (PEAK OERSTEDS)
•  O ■ 112 « 300
A 30 « I S O  •  4 50
V  75 » 225 •  750
SOLID IS POSITIVE HOLLOW IS NEGATIVE
CONNCCTINC LINES DO NOT NECESSARILY FOLLOW THE PATH 
TRACED OUT BY THE DIRECTION BETWEEN STEPS
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Formation Ns M.—1 -t/M. Ns X
Mba 50 2.45 1.19 0.49 26 4.07
Suva1 15 0-52 0.38 0.72 8 1 .36
Sambeto 7 16-48 12.19 0.74 4 1 .88
Thuvu 2 0.10 0.01 0.01 1 1.13
Namosi(?) 10 0.28 0.08 0.29 5 3*52
Savura 22 1 .41 0.80 0.57 11 3-25
Tholo 19 0.24 0.12 0.51 10 1 .51
Singatoka 22 0.27 0.08 0.29 10 1 -47
Wainimala 58 0.46 0.14 0.31 34 2.29
U« Eocene 2 0.28 0.04 0.14 1 0.76
Vanua Levu 4 2.23 2.10 0.94 — _
Table 11-4 Average Intensities and Susceptibilities
Intensity (m ) and suceptibility(x) in e.m.u./cm3 x icf3 
Ns = No• samples N^ = No. specimens
i = initial t = treated
l excluding Sambeto Volcanics
11 »6 Anisotropy of TRM
Two Mba and one Savura specimen, were given a TRM 
(Table 11-5) in the laboratory (Section 1.8) by heating to 750°C. 
and cooling in the Earth's magnetic field (11-3,-65.0, 0.59 oe) 
with their orientation marks in the magnetic meridian*
Site Spec* D I S’
Savura 2 11b 0 -63 2
Mba (N) 53 116b 3 -71 6
Mba (R) 54 118b 358 -62 3
Table 11-5 TRM Directions
£ = angular deviation from applied field
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T h e re  i s  some d o u b t  a b o u t  t h e  a c c u r a c y  of  t h e  m e a su re ­
ment o f  t h e  a c q u i r e d  d i r e c t i o n ,  so t h a t  t h e  d e v i a t i o n s  f rom  t h e  
a p p l i e d  f i e l d  a r e  p r o b a b l y  l e s s  t h a n  t h e  e x p e r i m e n t a l  e r r o r ,  
s u g g e s t i n g  t h a t  i f  a n i s o t r o p y  i s  p r e s e n t ,  i t s  e f f e c t s  a r e  s m a l l .  
11*7 I s o t h e r m a l  Remanent  M a g n e t i z a t i o n
Two Mba s p e c im e n s  were g i v e n  an  IRM ( S e c t i o n  1 . 8 )  and
maximum rem anence  (M ) ,  t h e  f i e l d  r e q u i r e d  to  p ro d u c e  M (H ) ,-max r  -max  max
and t h e  c o e r c i v i t y  of maximum remanence  (H ) • The c o e r c i v i t y  
i s  o n l y  m o d e ra t e  and a s  such  can n o t  be t a k e n  a s  a  s t a b i l i t y  
i n d i c a t o r  ( S e c t i o n  1*5)*
Spec • H M Hc r —max max
102a 200 560 1000
11 6a 225 260 900
T a b l e  11-6 IRM P r o p e r t i e s
e * m. u • /  c m x
- ’S
10 H i n  o e r s t e d s
1 1 . 8  D i s c u s s i o n  : R e l i a b i l i t y
S pec im en  d i r e c t i o n s  a r e  w id e ly  s c a t t e r e d  and even 
s i g n i f i c a n t  s i t e  d i r e c t i o n s  w i t h i n  t h e  same f o r m a t i o n  a r e  n o t  
c o n s i s t e n t *  S t r u c t u r a l  t e s t s  ( S e c t i o n  1*5) were a p p l i e d  on s i t e s  
where t h e  b e d d i n g  c o u l d  be d e t e r m i n e d ,  i»e* i n  t h e  S i n g a t o k a ,  
W a in im a la  and Suva  S e r i e s .  The r e s u l t s  were i n c o n c l u s i v e ,  some 
s i t e s  im p r o v i n g  i n  p r e c i s i o n ,  o t h e r s  becoming more s c a t t e r e d *
The a » c .  d e m a g n e t i z a t i o n  e v i d e n c e  s u g g e s t s  t h a t  some spec im ens
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may be s t a b l e ,  i n  p a r t i c u l a r  c e r t a i n  spec im ens  i n  t h e  Mba 
V o l c a n i c s ,  and i t  i s  l i k e l y  t h a t  t h e  s i g n i f i c a n t  s i t e s  i n  t h i s  
S e r i e s ,  a f t e r  p a r t i a l  d e m a g n e t i z a t i o n ,  a r e  r e l i a b l e *
The Namosi ( ?Koroimavua)  s i t e  h a s  t i g h t l y  g r o u p e d ,  and 
' r e v e r s e d ' ,  sp ec im en  d i r e c t i o n s ,  s u g g e s t i n g  p o s s i b l e  s t a b i l i t y *  
The Vanua Levu sam p les  may a l s o  be s t a b l e *  No r e l i a n c e ,  
however ,  can  be p u t  on t h e s e  r e s u l t s  a s  t h e  number of  ä t e s  i s  
to o  s m a l l ,  and t h e  g e o l o g i c a l  i d e n t i f i c a t i o n  of  t h e  Koroimavua 
s i t e  i s  i n  doub t*  The S a v u ra  sam p les  may be p a r t i a l l y  s t a b l e  
a s  t h e y  show ' r e v e r s e d '  d i r e c t i o n s ,  but  t h e  s c a t t e r  w i t h i n  t h e  
f o r m a t i o n  i s  t o o  l a r g e  f o r  t h e  s i n g l e  s i g n i f i c a n t  s i t e  t o  have  
much r e l i a b i l i t y .
11*9 D i s c u s s i o n  : G e n e r a l
I n  v iew of  t h e  e v i d e n c e  f o r  i n s t a b i l i t y  and t h e  s c a t t e r  
of  r e s u l t s ,  l i t t l e  i n f o r m a t i o n  ab o u t  t h e  p a l a e o m a g n e t i c  f i e l d  
can be o b t a i n e d  f rom  t h i s  d a t a *  The most  t h a t  can  be s a i d  i s  
t h a t  t h e r e  a r e  ' n o r m a l '  p o l a r i t i e s  o v e r l y i n g  ' r e v e r s e d '  w i t h i n  
t h e  Mba V o l c a n i c s *  The l e v e l  o f  r e v e r s a l  i s  p r o b a b l y  a s s o c i a t e d  
w i t h  t h e  r e v e r s a l  o f  t h e  E a r t h ' s  f i e l d  d u r i n g  t h e  m idd le  Lower 
P l e i s t o c e n e  ( S e c t i o n  16*5) r a t h e r  t h a n  an  o l d e r  l e v e l  i n  t h e  
P l i o c e n e  a s  t h e  l o w e r  l a v a s  a r e  known t o  be Upper P l i o c e n e *
T h e re  may be a s u g g e s t i o n ,  w i t h i n  t h e  p l o t s  of  
spec im en  d i r e c t i o n s  (Fig* 1 1 - i i )  o f  a  g r o u p i n g  j u s t  n o r t h  of  e a s t  
i n  t h e  o l d e r  f o r m a t i o n s  w h ich  g r a d u a l l y  c h a n g e s  t o  j u s t  w es t  of
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n o r t h  i n  t h e  Mba V o l c a n i c s .  T h i s ,  however ,  i s  a v e ry  s u b j e c t i v e
o b s e r v a t i o n ,  bu t  such a p o s s i b i l i t y  would be w or th  l o o k i n g  f o r
i f  f u r t h e r  work i s  done i n  t h i s  r e g i o n  a s  i t  i m p l i e s  a  c l o c k w i s e
or o t a t i o n  of  t h e  i s l a n d  of  some 90 s i n c e  t h e  Eocene« At t h i s  
s t a g e ,  however ,  t h e  e v i d e n c e  i s  q u i t e  i n c o n c l u s i v e «
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C h a p t e r  12 
NEW CALEDONIA
1 2 . 1  I n t r o d u c t i o n  and Summary
New C a l e d o n i a  i s  one of  t h e  l a r g e s t  i s l a n d s  i n  t h e  
P a c i f i c ,  c o v e r i n g  1 6 ,1 0 0  km ( P i g s . l O - i  and 1 2 - i )  » I t  i s  i n  
t h e  fo rm  o f  a  l o n g  e l l i p s o i d ,  400 by 50 kms.  The i s l a n d  i s  
v e r y  m o u n t a i n o u s ,  r i s i n g  t o  o v e r  1,600 m. i n  many p l a c e s .
Two d i s t i n c t  p ro b le m s  a r e  d e a l t  w i t h  i n  t h i s  c h a p t e r  
-  t h e  s t u d y  of  t h e  p a l a e o m a g n e t i c  p r o p e r t i e s  of  t h e  v a r i o u s  
f o r m a t i o n s ,  and t h e  s t u d y  o f  t h e  o r i g i n  of  t h e  S e r p e n t i n e  Complex« 
In  b o t h  p r o b le m s  t h e  r e s u l t s  a re  found t o  be t o o  s c a t t e r e d  
f o r  a  d e f i n i t e  c o n c l u s i o n  t o  be drawn, a l t h o u g h  t h e  d a t a  i s  
a d e q u a te  f o r  i n d i c a t i n g  t h e  most  p r o m i s i n g  l i n e s  o f  i n v e s t i g a t i o n  
i f  f u r t h e r  work i s  done on t h i s  i s l a n d »
In  o r d e r  t o  i n v e s t i g a t e  t h e s e  p ro b lem s  105 s a m p le s  
were o b t a i n e d  f ro m  34 s i t e s  d u r i n g  a r e c o n n a i s s a n c e  s u r v e y  of  
f o u r  d i f f e r e n t  f o r m a t i o n s  v a r y i n g  i n  age f rom  P a l a e o z o i c  t o  
T e r t i a r y .  S ev en  s i t e s  have  s i g n i f i c a n t  d i r e c t i o n ^  b u t  t h e s e  
a r e  w i d e l y  s c a t t e r e d  and  a r e  no t  t h o u g h t  t o  be r e l i a b l e .  The 
spe c im e n  d i r e c t i o n s  a r e  a l s o  w i d e l y  s c a t t e r e d  and t h e r e  i s  ev idence
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of instability in all formations. In view of this the only 
conclusion drawn from these results are that the Palaeogene Lavas 
are of 'normal' polarity, and that a palaeomagnetic study of the 
peridotites within the Serpentine Complex is the most likely to 
yield reliable results.
12.2 Geology
Nickel, chrome and iron are found in some of the 
richest lodes known, and these deposits have stimulated con­
siderable detailed geological examination. However, most of 
this work is unobtainable as it is in the form of confidential 
mining reports, and very little work has been done on the geology 
of the island as a whole, and what has been done has led to 
considerable disagreement. Some of the earliest work was done 
by Piroutet (1917) who established a succession from Archaean to 
Recent. Subsequent work has considerably modified this picture, 
for example Benson (1923) has shown the Carboniferous to be 
Eocene, and Routhier (1949) reversed the sequence of rocks, and 
therefore the structure, on the western coast.
The geological sequence given in Table 12-1 is based 
on Routhier (1953); the geological outline map (Fig. 12-i) is 
taken from a sketch map provided by the Bureau Minier of a 
1;300,000 map in process of publication» Unfortunately the
sketch map was somewhat ambiguous, several of the shadings on the 
map were not always identified in the key* However, the general
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outline is thought to be reasonably accurate«
The oldest rocks are thought to be the metamorphic 
'Phyllades' of probably Palaeozoic age, although there is evid­
ence that the metamorphism although commencing in the Palaeozoic, 
continued spasmodically for a very long period« A thick grey- 
wacke series, with interbedded submarine lavas, contains fossils 
of Devonian age (Pomeyrol 1956) and this series continued to 
the end of the Lias, possibly associated with orogenic activity«
A pelitic sequence followed the greywackes, and this is charact­
erised by the presence of lenticles of carbonaceous material and 
local volcanics« This sequence is termed the 'Formation a 
Charbon' and extends from the Mid Jurassic into the Cretaceous. 
There was vulcanism during the whole of the early period and 
the lavas, are mostly doleritic« The activity was fairly con­
stant throughout the period, but reached peaks of activity in the 
Upper Jurassic, and later in the Lower Miocene« The Eocene 
deposits consist of two distinct sequences separated by a 
strong orogenic episodej the lower sequence being mainly of 
sands and clays, and the upper sequence being mainly flysch - 
both sequences are marked by very active submarine vulcanism 
which lasted the whole of the Palaeogene« These sequences have 
been followed by unconsolidated marine deposits, the formation 
of a very thick laterite and the development of numerous terraces 
and fringing reef.
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The main geological problems are in connection with 
the Serpentine Complex. This consists predominantly of 
harzburgite (9o/o) and peridotite, exhibiting varying degrees 
of serpentinization, and containing valuable ore deposits, 
dolerite, basalt, granite, schists, etc. One common occurrence 
is gabbro which is intrusive into the harzburgite, and is 
surrounded by a zone of wehrite, then dunite* There is no 
general agreement on the form of the Complex, the relative 
ages of the components within it or the process of serpentinization. 
The age of the Complex as a whole would appear to be post 
Eocene, and mostly Oligocene. This is based on the first 
occurrence of serpentine in sedimentary deposits and the fact 
that, in some areas, the Complex overlies Palaeogene deposits.
This age is significant as it would imply that the ultrabasics 
were not exposed until the Oligocene, although they would be 
emplaced pre-Eocene if they are intruded prior to the main 
geosyncliaal phase as required in the theories of Hess (1937)
or Kennedy (1959)» Routhier (1953) distinguished two main types
ii "of outcrop - a massif, often overlapping Palaeogene deposits, and 
a laccolith intrusive form. The peridotite and serpentine are 
supposed to be mainly of the intrusive type» Maxwell (1949) 
suggests that chromite is carried as a solid mass within the 
ultrabasics as they are emplaced* Caillere et al (1956), in 
contrast, require chromite to preceed the dunites - both arising
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from differentiation of harzburgite - with serpentinization 
following at a later stage. Chetelat (1947) suggests a 
peridot ite magma, intruded at depth, with digestion of country- 
rook - serpentinization is caused by hydrothermal and metamorphic 
reactions at depth and later by atmospheric alteration - the 
change in volume on serpentinization giving rise to the apparent 
intrusive phenomena. Avias (1949) requires serpent inization by 
diffusion of ions, especially magnesium, into pre-existing 
andesitic volcanics - the peridotites arise by stronger meta­
morphism of the same volcanics and secondary serpentinization by 
the endothermic breakdown of olivine giving rise to volume 
changes and intrusive characteristics. The evidence, when 
considered separately, is convincing for each argument, although 
the hypotheses appear to be mutually conflicting.
12.3 Palaeomagnetic Results
In order to reduce the effect of low coercivity 
components (Section 1*8) all specimens were treated in 38 oe* 
(peak) alternating field. (This field is less than that used 
in all other Pacific Islands as there is evidence (Section 12.4) 
that most specimens are unstable in fields higher than 50 oe. 
(peak).) The intensities and directions of each specimen is 
given in Appendix 11 (a). The specimen directions are plotted 
in Figure 12-ii and the site directions are given in Table 12-2. 
Tne main feature of the results is the high scatter of specimen
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d i r e c t i o n s  which  i s  a l s o  r e f l e c t e d  i n  t h e  s c a t t e r  o f  s i g n i f i c a n t  
s i t e  d i r e c t i o n s .
The S e r p e n t i n e  Complex i s  p a r t i c u l a r l y  w i d e l y  s c a t t e r e d *  
The P a l a e o g e n e  L av a s ,  however ,  a l t h o u g h  w id e l y  s c a t t e r e d  a f t e r  
t r e a t m e n t ,  a lm o s t  a l l  l i e  i n  t h e  n o r t h e r n  h e m is p h e r e ,  bu t  t h e r e  
i s  no o v e r a l l  s i g n i f i c a n t  d i r e c t i o n .  The number of  s p ec im en s
.»r
i n  t h e  F o r m a t i o n  k  Charbon  and t h e  Metamorphic  ' P h y l l a d e s '  i s  
to o  few and t h e i r  d i r e c t i o n s  to o  s c a t t e r e d  f o r  any s i g n i f i c a n t  
d i r e c t i o n  t o  be d e t e r m i n e d .
1 2 .4  A»C> D e m a g n e t i z a t i o n  and S t a b i l i t y
Twenty e i g h t  p i l o t  sp ec im en s  were s u b j e c t e d  t o  p a r t i a l  
d e m a g n e t i z a t i o n  i n  v a r i o u s  a l t e r n a t i n g  f i e l d s  up t o  a maximum of 
750 oe .  (peak)  ( S e c t i o n  1 . 8 ) .  The i n d i v i d u a l  i n t e n s i t i e s  and 
d i r e c t i o n s  a r e  g i v e n  i n  Appendix  11 (b) and t h e  d i r e c t i o n s  a r e  
p l o t t e d  i n  F i g u r e  1 2 - i i i *  The n o r m a l i s e d  i n t e n s i t i e s  a r e  g ra p h e d  
i n  F i g u r e  1 2 - i v .
The i n i t i a l  i n t e n s i t y  of  m a g n e t i z a t i o n  of  t h e  p i l o t  
spe c im e n s  of  t h e  F o r m a t io n  a C harbon  and Metam orphic  ' P h y l l a d e s ’ 
i s  v e r y  low, and becomes t o o  weak t o  measure i n  t h e  ' M e ta m o r p h ic s ' 
a f t e r  t h e  a p p l i c a t i o n  o f  300 oe* ( p e a k ) .  In  view o f  t h e  low 
i n t e n s i t i e s ,  i t  i s  n o t  c o n s i d e r e d  t h a t  t h e  b e h a v i o u r  of  i n t e n s i t y  
c an  be r e g a r d e d  a s  i n d i c a t i n g  s t a b i l i t y  ( S e c t i o n  1 * 5 ) •  The 
S e r p e n t i n e  Complex p i l o t  s p ec im en s  e x h i b i t  a  v a r i e t y  o f  b e h a v i o u r  
i n  t h e i r  i n t e n s i t y ,  none o f  w hich  can  be c o n s i d e r e d  good e v i d e n c e
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of s t a b i l i t y ,  a l t h o u g h  some sp ec im en s  may i n d i c a t e  p a r t i a l  
s t a b i l i t y  ( s i t e s  SP 1 and 5)» S i m i l a r  v a r i e t y  o f  b e h a v i o u r  i s  
e x h i b i t e d  by t h e  i n t e n s i t i e s  of  t h e  P a l a e o g e n e  Lava p i l o t  
s p e c im e n s ,  some d e c r e a s i n g  i n  i n t e n s i t y  r a p i d l y  ( s i t e  3)? 
o t h e r s  s lo w ly  ( s i t e s  6 and 9)»
In  view o f  t h e  low i n t e n s i t i e s ,  t h e  a p p a r e n t
N
g r o u p i n g  of  some Met am orphic  and F o r m a t io n  a Charbon  spec im en  
d i r e c t i o n s  c a n n o t  be c o n s i d e r e d  s i g n i f i c a n t .  The d i r e c t i o n s  
of  t h e  S e r p e n t i n e  Complex and P a l a e o g e n e  Lavas  spec im en  d i r e c t i o n s  
show v a r i a b l e  b e h a v i o u r ,  some s i t e s  (PG 6 , 9  and 13) showing 
c o n s t a n t  d i r e c t i o n s ,  o t h e r s  b e i n g  c o n s t a n t  a t  low f i e l d s  b e f o r e  
s c a t t e r i n g  (SP 5) w h i l e  o t h e r s  s c a t t e r  even  a t  low a p p l i e d  
f i e l d s  (PG 2 and 3, SP 1 and 6 ) .
T he re  i s  some i n d i c a t i o n ,  f rom  t h e  p i l o t  s p e c im e n s ,  
t h a t  some P a l a e o g e n e  and some S e r p e n t i n e  Complex s p e c im e n s  may 
be p a r t i a l l y  s t a b l e  i n  low a « c .  f i e l d s ,  bu t  t h a t  a l l  o t h e r  
s pec im ens  show v e r y  marked i n s t a b i l i t y .
1 2 .3  Average I n t e n s i t y  and S u s c e p t i b i l i t y
The i n t e n s i t i e s  o f  t h e  S e r p e n t i n e  Complex i s  t w i c e  
a s  h ig h  as  t h a t  of  t h e  P a l a e o g e n e  Lavas  ( T a b l e  1 2 -3 )?  and b o th  
a r e  much h i g h e r  t h a n  t h e  o t h e r  two f o r m a t i o n s .  The S e r p e n t i n e  
Complex,  h o w ev e r ,  h a s  a low er  s u s c e p t i b i l i t y  t h a n  t h e  l a v a s .
The i n t e n s i t i e s  and s u s c e p t i b i l i t i e s  a r e  b o t h  l o w e r  t h a n  t h a t  
e n c o u n t e r e d  i n  most o t h e r  i s l a n d s  d i s c u s s e d  i n  t h i s  t h e s i s .
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Ns M.— i v7Mi Ns X
Serpentine Complex 69 0.84 0.33 0-39 40 0.42
Palaeogene Lavas 51 0.48 0.21 0.43 35 1 .46
Metamorphic Complex 14 0.001 0.001 1 .00 8 0-32
F» a Charbon 9 0.001 0.001 1 .00 6 0.01
Table 12-3 Average Intensity and Susceptibility
Intensity(M) and susceptibility(x) in e*m.u*/cm x 10 
i = initial t = treated (38 oe*)
Ns = No. samples N^ == No. specimens
12.6 Anisotropy of TRM
Four specimens were given a TRM (Table 12-4) in the 
laboratory (Section 1.8) by heating to 750°C. and cooling in 
the Barth's field at Canberra (11.3,-65.0,0.59 oe) with their 
orientation marks in the magnetic meridian. There is some 
doubt about the accuracy of measurement of the acquired 
direction, but the deviation of at least two of the directions 
from the applied field is almost certainly greater than the 
experimental and measurement error, suggesting anisotropy is 
present (specimen 105a, however, is not petrologically typical 
of the Palaeogene lava collection)■
Serpentine Complex
Spec« 
37a
D
356
I
-63 3
Serpentine Complex 40a 9 -74 11
Palaeogene Lavas 83a 4 -58 7
Palaeogene Lavas 105a 357 -49 16
Table 12-4 TRM Directions
r = angular deviation from applied field
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12.7 Isothermal Remanent Magnetization
Two Serpentine Complex and two Palaeogene Lava specimens
were given an IRM (Section 1.8) and their maximum remanence
(M ), the field required to produce M (H ), and the —max ^ —max max
coercivity of maximum remanence (H ) are given in Table 12-5*
The coercivity of maximum remanence is moderate and cannot be 
used as an indication of stability.
Serpentine Complex
Spec • 
11b
Hcr
215
M—max
800
Hmax
600
Serpentine Complex 56b 275 900 600
Palaeogene Lavas 73a 245 175 1100
Palaeogene Lavas 78b 1 65 5 900
Table 12-5 IRM Properties
/ 3M in e.m-u./cm x 10 H in oersteds
12»8 Discussion : Stability
In view of the poor consistency not only of specimen 
directions, but of significant site directions, it is not thought 
that any reliability can be placed on any of the mean directions, 
although it is reasonable to suppose that the Palaeogene Lavas 
are 'normally' magnetized.
12.9 Discussion : The Serpentine Complex
The problem of the origin of the Serpentine Complex 
can be qualified if the manner in which it acquired its NRM
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c o u l d  be d i s t i n g u i s h e d «  I f  t h e  Complex o r i g i n a t e d  a s  a  h o t ,  
p e r i d o t i t e  magma, t h e n  t h e  p e r i d o t i t e  would be  c h a r a c t e r i s e d  by 
a p r im a r y  TRM m a g n e t i z a t i o n ,  w h i l e  i f  t h e  p e r i d o t i t e  i s  formed 
by low t e m p e r a t u r e  metamorphism of  a n d e s i t e s ,  t h e  p r i m a r y  
m a g n e t i z a t i o n  may be o f  t h e  CRM t y p e  ( a l t h o u g h  i f  t h e  metamorph­
ism i s  a t  h ig h  t e m p e r a t u r e s ,  i t  may be of  a  TRM t y p e  a l s o ) •
The p rob lem  i s ,  t h e r e f o r e ,  t o  e s t a b l i s h  t h e  n a t u r e  o f  t h e  
p r im a r y  m a g n e t i z a t i o n .  As t h e  Complex has  been  s u b j e c t e d  t o  
e x t e n s i v e  l a t e  s t a g e  s e r p e n t i n i z a t i o n  and s h e a r i n g ,  t h e  m a j o r i t y  
o f  t h e  p r i m a r y  m a g n e t i z a t i o n  h a s  p r o b a b l y  been  o b s c u re d  i n  
a l l  r o ck  t y p e s  e x c e p t  t h e  u n s e r p e n t i n i z e d  p e r i d o t i t e *  The 
p a l a e o m a g n e t i s m  o f  o t h e r  u n s e r p e n t i n i z e d  members of  t h e  Complex 
-  t h e  g r a n i t e s ,  g a b b r o s ,  e t c . ,  -  may a l s o  be o f  im p o r t a n c e  i n  
s u c h  a s tudy*
Only t h r e e  s i g n i f i c a n t  s i t e s  can be d i s t i n g u i s h e d ,  
and t h e s e  d i r e c t i o n s  a r e  w i d e l y  s c a t t e r e d *  I t  i s  n o t  p o s s i b l e ,  
t h e r e f o r e ,  t o  draw many c o n c l u s i o n s  from t h i s  c o l l e c t i o n .  
However, t h e r e  i s  an i n d i c a t i o n  t h a t  some of t h e  s a m p le s  a r e  
s u f f i c i e n t l y  s t a b l e  f o r  p a l a e o m a g n e t i c  work,  and a more d e t a i l e d  
and e x t e n s i v e  c o l l e c t i o n  may be a b l e  t o  th row  l i g h t  on t h e  
p ro b le m s  a s s o c i a t e d  w i th  t h e  S e r p e n t i n e  Complex*
12 .10  D i s c u s s i o n  : The P a l a e o g e n e  Lavas
The P a l a e o g e n e  Lavas  a p p e a r  t o  be a l l  ' n o r m a l '  i n  t h e  
a r e a s  sam pled ,  and i t  seems p o s s i b l e  t h a t  t h e  s c a t t e r  o f
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significant site directions may reflect tectonic block tilting 
since the cooling of the lavas. More detailed sampling and 
possibly treatment in higher alternating fields is necessary 
to obtain reliable data, and further work is required to test 
the anisotropic properties of this sequence of rocks. The 
constant polarity may be of value in estimating the age of the 
lavas, but more geological evidence is needed before palaeo- 
magnetic techniques can be applied more fully to this problem.
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Chapter 13
GENERAL MAGNETIC PROPERTIES
13*1 Introduction
In the previous chapters, the magnetic properties of 
each island group have been described* This chapter is conc­
erned with the possible origin of the natural remanence of all 
Pacific rock samples and a description of the average magnetic 
properties* An experiment is described which attempts to test 
the anisotropy of TRM•
13*2 The Origin of NRM
Almost all the samples described in this thesis are 
of igneous rock, and the few sedimentary-metamorphic samples 
have not contributed to the discussion as their directions of 
NRM were found to be unreliable* Only the origin of the NRM 
of the igneous samples will be discussed*
As most samples are from Late Cainozoic lavas and 
dykes, it is reasonable to suppose that the NRM is primarily 
TRM in origin* This is strongly supported by the following 
factors
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1) The e v i d e n c e  f o r  s t a b i l i t y  o f  m a g n e t i z a t i o n  ( i n d i c a t e d  by 
t h e  p r e s e n c e  o f  r e v e r s a l s ,  t h e  d i v e r g e n c e  f rom t h e  p r e s e n t  E a r t h ' s  
f i e l d  d i r e c t i o n  and t h e i r  p a r t i a l  d e m a g n e t i z a t i o n  b e h a v i o u r )  would 
s u g g e s t  t h a t  IRM and VRM a r e  o n l y  s m a l l  compared w i t h  t h e  p r im a r y  
component  of  NRM ( S e c t i o n  1*3)•
2) The a b s e n c e  of  l a r g e  s e c o n d a r y  components  i s  s u g g e s t e d  by
t h e  s i m i l a r i t y  o f  i n t e n s i t y  of  NRM of  H i s t o r i c  and P l i o c e n e  
*
s a m p l e s .  VRM b e i n g  t i m e  d e p e n d e n t  would be e x p e c t e d  t o  i n c r e a s e  
w i th  a g e ,  a l t h o u g h  TRM w i l l  d e c a y  w i t h  t i m e -
3) TRM i s  more l i k e l y  t o  be t h e  p r i m a r y  component  t h a n  CRM as  
a v a r i e t y  o f  r o c k  t y p e s  a r e  i n v o l v e d ,  y e t  t h e  NRM shows l i t t l e  
o r  no v a r i a t i o n  w i th  rock  t y p e -
T h e re  a r e ,  however ,  a  few anomalous  s i t e s  i n  w hich  t h e  
NRM i s  much h i g h e r  t h a n  i n  o t h e r  r o c k s  o f  t h e  same ag e -  In  
p a r t i c u l a r  ( a )  t h e  K u la  (Maui,  H aw ai i )  s i t e s  have v e r y  h ig h  
i n i t i a l  i n t e n s i t i e s  and d i r e c t i o n s  w hich  d e v i a t e  f rom t h e  a x i a l  
d i p o l e  f i e l d  by l a r g e ^  n o n - s y s t e m a t i c  amounts* A f t e r  t r e a t m e n t  
i n  150 oe* a l t e r n a t i n g  f i e l d ,  t h e  i n t e n s i t i e s  a r e  s i m i l a r  t o  
t h a t  o b s e r v e d  i n  n e i g h b o u r i n g  f o r m a t i o n s  and i t  i s  t h o u g h t  t h a t  
t h i s  i n d i c a t e s  t h a t  a  l a r g e  IRM component  has  b e e n  added  t o  t h e  
o r i g i n a l  m a g n e t i z a t i o n  -  p r o b a b l y  by l i g h t n i n g  e f f e c t s .  (b)  The 
T o fu a  and Hunga Tonga (Tonga) s i t e s  a l s o  show h ig h  i n i t i a l  
i n t e n s i t i e s ,  a l t h o u g h  t h e i r  d i r e c t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  
e s t i m a t e d  E a r t h ' s  f i e l d  d i r e c t i o n  d u r i n g  Recen t  t i m e s .  T h e i r
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behaviour on alternating magnetic field demagnetization shows a 
high coercivity of NRM• One sample (TG1Ob) from Hunga Tonga 
was subjected to partial thermal demagnetization, and the inten­
sity determined over the range 500-555 C* It was then given a 
PTRM over the same temperature range in the Earth's field at 
Canberra (0*59 oe») and it was observed that the PTRM intensity 
was only 1 of the NRM over the same range* The reason for 
this is not quite clear, but may be associated with lightning 
effects while the lava was hot, although it is unlikely that 
the NRM direction would be consistent with the Earth's field*
In general, the data is internally consistent and 
strongly suggestive of TRM being the predominant component 
of NRM*
15*5 Bulk Magnetic Properties
Some measurements have been made of the coercivity of
maximum IRM (H ), the intensity of maximum IRM (M ) and the cr — max
field required (H ) to produce M * These values have beenmax —max
given in the appropriate chapters and it is not considered 
significant to give average values of these measurements.
The intensity of NRM has been measured for each spec­
imen, and the susceptibility of each sample has been determined* 
The individual values are given in the Appendices and have been 
plotted on frequency diagrams (Pig* 15-i)* The arithmetic 
average, the mode and median values for each island group have
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° s ,
™ INTENSITY*9' £  SUSCEPTIBILITY ’
O
SI
Arith* 
Av • Mode Median
(5
a
Arith- 
Av • Mode Median
ALL 884 12*50 0 o 25 3*50 459 4.03 0*25 2*23
PACIFIC 693 13-10 1 o 25 4 “ 27 356 4.05 1.25 1 -98
All Hawaii 303 22*52 0.75 4*37 157 3*33 1 .25 1.69
Upper Normal. 49 (?)85*47 2.75 8.50 25 10 °43 1.25 1 .50
Lower Normal 30 4*77 3*25 4 oOO 15 1 *32 0.25 1 *50
Reversed 170 11*10 0.25 3*75 89 1 *78 1 *75 1*40
Random Sites 54 11 *20 3*25 3*13 28 3*01 1*25 2* 17
Tahiti 95 5*34 3*75 4*58 47 4*79 2*25 2.44
Bora Bora 63 13*28 - 7*87 34 0.99 0*25 2*32
toCook Islands 23 2.65 2.25 2.05 13 3-65 7*25 2.75
Samoa 209 4 *06 0.75 2. 50 105 5*84 0*75 4*33
Normal*’1 88 6*97 2.75 3*00 45 3*43 0*75 1 .50
(*»)Reversed 81 1 *67 0.75 0.99 41 8.33 5*75 7*62
MARGINAL 90 20.26 2.25 5-25 42 5*93 5*75 5*33
Tonga*-0 21 62*43 - 6.75 9 10.99 - 7*00
New Hebrides 69 7*43 2.25 4 .00 33 4*55 5*75 4*92
CONTINENTAL 101 1 *46 0.25 0 .42 61 2*57 0.25 1.81
(s * )Fiji 50 2*45 0.75 0.92 26 4.07 - 3-75
(<-)New Caledonia 51 0.48 0.25 O035 35 1 .46 0.25 0.40
MOHOLE EM7 N 23 5*38 4*75 4.95 23 0.31 0.25 _
Table 13-1 Average Intensities and Susceptibilities
0> Excluding !Eua to Excluding tuffs O) Excluding Fagaloa
to Quarry rock as 4 specimens only (Upolu)
(y) Mba Volcanics ß) Palaeogene Lavas (V Cox and Doell (1962)
(v If Kula sites 8 and 11 are excluded, this is 14*49 
(V Given in e.m.u./cm3 x 10~3
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oeen calculated (Table 13-1)* It is clear from the frequency 
diagrams that the distribution of both intensity and suscept­
ibility is skewed and that a small number of high intensities 
(possibly due to extraneous effects such as lightning) may 
seriously affect the arithmetic mean, and the median value 
appears the most meaningful average value to use-
It is of interest to compare the intensities and 
susceptibilities of the oceanic samples with those obtained 
from the Mohole Project EM7 (Cox and Doell 1962)« The median 
NRM intensity of the Mohole Basalt (Table 13-1) is slightly 
higher than that of the Pacific islands and the median suscep­
tibility is less» There is no reason, by comparison of the 
median values, to think that the Mohole Basalt is atypical of 
Pacific rocks, although comparison of the arithmetic averages 
shows marked differences» This observation is important in 
interpretation of the positive magnetic anomaly in the region 
of the drilling site as the basalt is 'reversely1 magnetized 
so it is necessary to determine if the few samples available can 
be regarded as typical of the Pacific floor- 
13*4 Anisotropy of TRM
A selection of 16 Pacific island igneous samples and 
four other igneous samples (2 Upper Basalts of Victoria and 2 
Tasmanian Dolerite bore-core samples) were heated to 713JC» and 
allowed to cool in the Earth's magnetic field at Canberra
2 68
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Form at ion Spec • No . D I
Samoa
Leone RT 29b 353 -65
P ag o ( i n t r a ) RT 71a 4 -67
Hawaii
Kula HH 18b 3 -65
Wailuku HH 11 a 5 -65
W«Molokai HH 63b 8 -59
Mean i) = 3*0 ,  I = 65 «8, J_ -  
T ab I  e 13-2  T .a . d i r e c t i ons
Form at ion Spec«  J o « D I
Koloa HH 37 a 3 -67
Waianea HH 113b 8 ■-68
Napal i HH 96a 356 -65
K o o 1 au HH 101b 9 -65
U «Has«Vie t « UB196 • 2 356 -68
Tasm «Bore 5138 70' 2 -67
Tasm «Sore 5133 80' 0 -67
1 1 «98, k - 596, a = 1 .8°
*mjcD rtcLo
f ig u r e  1 3 - Ü
TOM DIRECTIONS
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(11 • 5 , -  65 • 0 , 0 . 5 9  oe«) w i t h  t h e i r  o r i e n t a t i o n  m a rk ings  i n  t h e  
m a g n e t i c  m e r i d i a n *  U n f o r t u n a t e l y  one spec im en  ex p lo d ed  and 
d i s t u r b e d  t h e  p o s i t i o n  of  s even  o t h e r  s p e c im e n s ,  so t h a t  o n ly  
12 s p e c im e n s  c o u l d  be used* The d i r e c t i o n s  o f  TRM a c q u i r e d  by 
t h e s e  s p e c im e n s  (Tab le  13-2)  were  compared w i t h  t h a t  of  t h e  
a p p l i e d  f i e l d  (F ig*  1 3 - i i )  a s  t h e  p r e s e n c e  of  a n i s o t r o p y  of  
TRM would be shown by a d e v i a t i o n  of  t h e  TRM d i r e c t i o n  f rom  
t h e  a p p l i e d  f i e l d -
The mean d i r e c t i o n  ( 3 , - 6 6 )  i s  c l o s e  t o  t h a t  of  t h e  
a p p l i e d  f i e l d  ( 0 , - 6 5 )  and t h e  c i r c l e  of  9 5 / ^ c o n f i d e n c e  a b o u t  
t h e  mean (a = 1 . 8  ) i n c l u d e s  t h e  a p p l i e d  f i e l d  d i r e c t i o n *
I f  t h e  p r o b a b l e  e r r o r  o f  measurement (k ) i s  t a k e nm
as  2 ( S e c t i o n  1*8) and t h e  o r i e n t a t i o n  e r r o r  i n  t h e  f u r n a c e  
( )  i s  t a k e n  t o  be 1 t h e n  t h e  o b s e rv e d  p r e c i s i o n  of  t h e  
d i r e c t i o n s  a c q u i r e d  (k ) can  be g i v e n  by
k0 k f  km + k r  -  596 -  4624 * 11 56 + k r
w here  k^  i s  t h e  r e s i d u a l  p r e c i s i o n  which c an  be a t t r i b u t e d  t o  
a n i s o t r o p y j a n d  e r r o r s  i n  o r i e n t a t i o n  and measurement  i n  e x c e s s  
o f  t h o s e  t a k e n  here*  The r e s i d u a l  p r e c i s i o n  can  be e x p r e s s e d  
a s  an a n g u l a r  d i s p e r s i o n  of  1*66° and i s  t h e r e f o r e  l e s s  t h a n  
t h e  measurement e r r o r *  However, i f  t h e  o r i e n t a t i o n  e r r o r  i n  t h e  
f u r n a c e  i s  t a k e n  a s  1«94 , w hich  i s  n o t  u n r e a s o n a b l e  ( S e c t i o n  2*6^ 
t h e n  t h e r e  i s  no r e s i d u a l  p r e c i s i o n ,  i*e*  t h e  a n i s o t r o p y  o f  TRM 
i s  v e r y  sm a l l*
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on a c o n s e r v a t i v e  e s t i m a t e ,  t h e r e f o r e ,  t h e  e r r o r  due 
t o  a n i s o t r o p y  of  TRM must be s m a l l e r  t h a n  t h e  measurement 
e r r o r s ,  bu t  i t  i s  p r o b a b l e  t h a t  t h e r e  i s  no d e t e c t a b l e  TRM 
a n i s o t r o p y  p r e s e n t  i n  t h e s e  spec im ens*  However, 12 spec im ens  
c an n o t  be r e g a r d e d  a s  t y p i c a l  o f  t h e  com p le te  c o l l e c t i o n  and 
f u r t h e r  work o f  t h i s  n a t u r e  i s  r e q u i r e d  t o  e s t a b l i s h  t h e  p r e s e n c e  
of  a b s e n c e  of  a n i s o t r o p i c  e f f e c t s .
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C h a p t e r  14
THE EARTH'S MAIN FIELD IN THE LATE CAINOZOIC
14-1 I n t r o d u c t i o n
The d i s c u s s i o n  of  t h e  r e s u l t s  may be c o n s i d e r e d  u n d e r  
f o u r  h e a d i n g s  -  ( l )  t h e  b e h a v i o u r  of  t h e  E a r t h ' s  main m a g n e t i c  
f i e l d ,  (2)  i t s  s e c u l a r  v a r i a t i o n ,  ( 3 ) t h e  p o s s i b i l i t y  of  i t s  
r e v e r s a l  o f  p o l a r i t y ,  and ( 4 ) i t s  i n t e n s i t y .  The f o l l o w i n g  
f o u r  c h a p t e r s  a r e  c o n c e rn e d  w i t h  t h e s e  t o p i c s .  In  t h i s  c h a p t e r  
t h e  p a l a e o m a g n e t i c  d i r e c t i o n s  w hich  a r e  t h o u g h t  t o  be s t a b l e  
from f i e l d  and l a b o r a t o r y  e v i d e n c e  a r e  combined i n  a v e r a g e s  f o r  
r o ck  g r o u p s .  The d i r e c t i o n s  a r e  c o n s i d e r e d  i r r e s p e c t i v e  of 
s i g n ,  t h e  q u e s t i o n  of  r e v e r s a l s  b e i n g  r e s e r v e d  f o r  C h a p t e r  16- 
The d i r e c t i o n s  a r e  s c a t t e r e d  ab o u t  an a v e r a g e  d i r e c t i o n ,  bu t  
t h i s  f e a t u r e  i s  d i s c u s s e d  i n  C h a p t e r  15* T h i s  c h a p t e r  i s  c o n c e r  
ned o n ly  w i t h  t h e  a v e r a g e  d i r e c t i o n s  o v e r  a  p e r i o d  of  t i m e  t h a t  
i s  t h o u g h t  i n  most c a s e s  t o  be s u f f i c i e n t  t o  a v e r a g e  out  s e c u l a r  
c h a n g e ,  and t h e  c o m p a r i s o n  i s  made u s i n g  t h e  t e c h n i q u e  of  p a l a e o  
m a g n e t i c  p o l e s  ( S e c t i o n  1*9) so t h a t  t h e  d i r e c t i o n s  can be 
compared i r r e s p e c t i v e  o f  t h e  l o c a l i t y  of  t h e  s a m p l in g  a r e a *
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It is thought that only data from Hawaii, Samoa, the 
Cook Islands and Aden is sufficiently stable for use in mapping 
the Earth's main field* The data from these groups may be 
considered in terms of individual formations (Table 14-1 ) or 
polarity zones ('Table 14-2 and Pig* 14—i) • Formation data is 
unlikely to include components due to instability, but the 
number of sites is usually small and the time span short so 
that it is probable that a component due to secular change may 
be included in the average results from individual formations*
The use of averages over longer periods, such as polarity zones, 
means that more sites are included and components due to secular 
change and other causes are averaged out*
It is evident (Fig. 14-i) that the agreement between 
all Pacific islands discussed here is very good and that there 
is no significant departure of the average palaeomagnetic pole 
from the rotational axis*
14*2 Comparison with Other Data
It is of interest to compare these results with other 
directions in the Upper Cainozoic* There are some 140 palaeo- 
magnetic pole determinations in the Cainozoic, but these are of 
variable reliability as indicators of the past field as most of 
these determinations were made prior to the development of 
demagnetization techniques and other stability tests* Irving 
(personal communication) has compiled a list of 60 pole positions
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 .
S
it
es
No
 .S
am
ps
D I a
P o le
Lat -Long*
Hawai i
Wai luku 4 1 2 168 -17 23
0)
73N 69E
E« Molokai 6 16 167 »-24 28
( a
75N 79E
W. Molokai 4 11 165 =25 16
(i>
74N 8 6 E
H onolu lu 2 6 354 +17 43 76N 49E
Koolau 7 18 179 -’33 18
0)
8 6 N 39E
Waianae(l> 7 20 358 +37 15
( i )
8 8 N 103E
N a p a l i 3 9 4 +31 20 83N 16W
T a h i t i
Ext r u s i v e 4 10 12  »-25 6 78N 77W
R a r o t o n g a
Quarry  Rock 26 27 183 +47 10
U
82N 2W
Samoa
H i s t o r i c 2 11 10  -26 20 81 N 83W
<A>
Normal 7 19 358 -31 18 87N 40E
Reve r s e d 7 18 191 +35 10
(■>
79N 1 27E
New H e b r i d e s
Tongoa 4 1 2 3 5 9  - 2 1 13 00 as 1 57E
L opev i 2 5 9 “ 31 29 82N 99W
T a b le  14-1  Form at ie r !  D a t a  i n  t h e  P a c i f i c  and Margin
I r r e s p e c t i v e  c f  s i g n  E x c l u d i n g  H i s t o r i c
C a l c u l a t e d  on two o r  more s i g n i f i c a n t  s i t e s  a f t e r  
a*c* p a r t i a l  d e m a g n e t i z a t i o n ,  g i v i n g  equa l  w e igh t  
to  each s i t e «
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CO
CD
COQ) i—1ft
•H CÖ
co CO P o le
& D 1 a Lat .L ong«
H aw ai i  ( P l i o - P l e i s t o c e n e )
A l l 38 106 357 + 3 0 5
( 0
84 N 58E
R e v e r s e d 26 70 355
coC\l+ 7
(»>
82N 59E
A l l  Normal 12 36 0 +35 10 89N 1 6W
Upper  Normal 7 21 358 +36 14 88N 90E
Lower Normal 5 15 3 +34 18 86N 35W
T a h i t i  ( P l e i s t o c e n e )
E x t r u s i v e  ( n) 4 10 12 "25 6 78N 77W
R a r o t o n g a  ( ? M i o - P l i o c e n e ? )
Q uar ry  Rock (r ) 26 27 183 +47 10
(0
82N 2W
Samoa ( P l i o - P l e i s t o c e n e )
A l l ° 16 48 5 -3 2 8
0)
84 N 4 5V
Normal 9 30 1 - 3 0 14 88 N 13W
R e v e r s e d 7 18 1 91 +35 10 79N 53W
Tonga (Recen t  ?)
Hunga Tonga 2 4 29 -2 9 33 62N 92W
New H e b r i d e s  ( P l e i s t o c e n e  ?)
V o l c a n i c s  ( n) 9 31 1 - 2 2 10 85N 174E
T a b le  14-2  R e g i o n a l  Mean D a ta  Based  on P o l a r i t y  Zones 
0> I r r e s p e c t i v e  of s i g n
Only two o r  more s i t e s  which  a r e  s i g n i f i c a n t  a f t e r  
a * c .  p a r t i a l  d e m a g n e t i z a t i o n  have been  u s e d s g i v i n g  
e q u a l  w e ig h t  to  e a c h  s i t e *
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PACIFIC POLES BASED ON POLARITY ZONES
WITH CIRCLES OF W *  PROBABILITY
1 4 •  2
w hich  he c o n s i d e r s  t o  be of  r e a s o n a b l e  r e l i a b i l i t y -  In t h i s  
c o m p i l a t i o n  t h e r e  has  been  no s e l e c t i o n  on t h e  b a s i s  of  t h i c k n e s s  
sam p led ,  so t h a t  i t  i s  p r o b a b l e  t h a t  i n d i v i d u a l  d e t e r m i n a t i o n s  
w i l l  i n c l u d e  components due t o  i n s t a b i l i t y  and s e c u l a r  change ,  
a l t h o u g h  t h e s e  a r e  p r o b a b l y  a v e r a g e d  out  i n  t h e  d e t e r m i n a t i o n  
o f  t h e  mean* In  view of t h i s  u n r e l i a b i l i t y ,  t h e  c o m p ar i s o n  of  
t h e s e  d e t e r m i n a t i o n s  w i t h  t h o s e  p r e s e n t e d  i n  t h i s  t h e s i s  i s  done 
a t  a f o r m a t i o n  l e v e l *
In  o r d e r  t o  compare r e s u l t s  from d i f f e r e n t  r e g i o n s  and 
d i f f e r e n t  p e r i o d s ,  t h e s e  p a l a e o m a g n e t i c  p o l e s  have been  d i v i d e d  
i n t o  Recent  -  c o v e r i n g  t h e  l a s t  7 , 0 0 0  y e a r s ,  P l i o c e n e - P l e i s t ­
o c e n e ,  and M i o c e n e - P l i o c e n e  ( P l i o c e n e  p o l e s  no t  b e i n g  r e p r o d ­
uced  i n  b o th  c a t e g o r i e s )  as  w e l l  as  i n t o  ' P a c i f i c '  -  w i t h i n  t h e  
A n d e s i t e  L ine  (F ig*  1 - i ) , ' M a r g i n a l '  -  b o r d e r i n g  t h e  A n d e s i t e  
L i n e ,  ' I c e l a n d i c '  which a r e  t h e  o n ly  r e p r e s e n t a t i v e s  of  t h e  
' A t l a n t i c '  r e g i o n ,  and ' C o n t i n e n t a l ' *  The mean r e s u l t s  of  
v a r i o u s  c o m b i n a t i o n s  of  p o l e s  of  d i f f e r e n t  r e g i o n a l  and t i m e  
g r o u p i n g s  a r e  shown i n  F i g u r e  1 4 - i i  and T a b l e  1 4 -3 ,  and t h e  
g e o g r a p h i c a l  p o s i t i o n  of  f o r m a t i o n s  used  a r e  i l l u s t r a t e d  i n  
F i g u r e  1 4 - i i i *  The p u r p o s e  of  e f f e c t i n g  t h i s  g r o u p i n g  i s  t o  
a l l o w  an a n a l y s i s  i n  a  s t a t i s t i c a l  manner of such  q u e s t i o n s  a s  
( l )  I s  t h e r e  any s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  main f i e l d  
o b s e r v e d  i n  o c e a n i c  a r e a s  compared w i th  c o n t i n e n t a l  ? (2) I s  t h e  
t e c t o n i c  s t a b i l i t y  of t h e  two a r e a s  d i f f e r e n t  ? I t  i s  t o  be
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RECENT PLIO-PLEISTOCENE MIO-PLIOCENE
Region
„ L a t . 
N (N)
Long« a Lat  • (N) Long 0
a „ L a t .N (N) Long. a
P 2 81 80W 2 .0 14 86 17E 5°5 0 - -
M 2 84 23V 8 . 8 7 88 1 44W 6o7 4 84 62W 1 5 °7
P+M 4 83 58W 5 »3 21 88 12E 4 . 2 0 - -
C 6 88 133W 6.4 16 86 1 64W 5-1 17 84 139W 6 . 0
I 1 88 135E - 4 86 ,97E 7.1 1 89 5E -
C+I 7 89 145W 5*3 20 87 180 4 0 3 18 84 139W 5-7
C+I+M 9 89 74W 4 °4 27 87 175W 3.4 22 85 128W 5*1
World
C+I+M+P 11 87 77W 4 . 0 41 89 140W 3 . 2 22 85 1 28W 5.1
PLIO-RECENT MIO-RECENT
Region
« Lat  * 
N (N)
Long . a L a t  < (N) Long,  a
P 16 87 4W 5*1 16 87 4W 5 * 1
M 9 89 79W 5-4 13 87 68W 5*1
P+M 25 88 1 5W 3 . 6 29 87 28W 3»5
C 22 87 1 60W 3 .9 39 86 147W 3 0
I 5 87 93E 5 . 4 6 87 98E 4 »3
C+I 27 87 175W 3 .3 86 153W 3 .0
C+I+M 36 88 1 66W 2 . 8 58 87 142W 2 .6
Worid
C+I+M+P 111W 2.6 74 88 1 22W 2»3
T a b l e  14-3 A l l  L a t e  C a i n o z o i c  Mean P a la eo m ag n e t  i c  P o l e  P o s i t i o n s
N = Number c f  p o l e  d e t e r m i n a t i o n s  used  
C a l c u l a t e d  i r r e s p e c t i v e  of  s i g n  
P = P a c i f i c  M = M a r g i n a l  C = C o n t i n e n t a l  I = I c e l a n d i c
PLIOCENE -  RECENT
tlCEMJ . . . .
p l e is t o c e n e  ...
MIOCENE - RECENT
y - '
. . .
F ig u re  1 4 - i i
LATE. CAINOZOIC POLE POSITIONS
BASED ON FORMATION DATA
S tftC L I*  Of M l  M O « *» *U T t ONLY «MOWN TO« IIO *IP tC A *T
o iip ia c im c m t  m o w  m o « « * « h ic  n o «t m  
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I ' ic il a h o ic ' P 'meine*
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expected that greater tectonic instability will result in greater 
scatter, and differences in the Earth's field will be shown by 
significantly different mean directions*
The 'Pacific' and 'Pacific+Marginal' mean poles in 
the Recent are displaced from the geocentric axial dipole, and 
the circles of 95 % confidence around the 'Marginal pole only 
just includes the axial pole* The 'Pacific','Marginal' and 
'Gontinental' poles are different but their circles of confidence 
overlap. The 'Icelandic' result agrees closely with that of 
the 'Continental'•
All Pliocene-Pleistocene poles are in close association; 
the 'Marginal' pole is closer to the 'Continental' than the 
'Pacific' result, and the 'Icelandic' pole is slightly closer 
to the 'Pacific' pole than the 'Continental'»
There are no known 'Pacific' results in the Mio-Pliocene* 
The 'Continental', 'Continental + Iceland' and 'World' poles have 
circles of confidence which only just include or pass through 
the geographic pole; their departure being almost significant at 
a 95%" level*
All Pliocene-Recent results are in close agreement, and 
all are very close to the geographic pole* The 'Continental', 
'Icelandic' and 'Pacific' poles are all approximately equidistant, 
and the 'Marginal' pole is between the 'Continental' and 'Pacific' 
poles.
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The Miocene-Recent results are very similar to those 
for the Pliocene-Recent, but are slightly more scattered and 
diverge more, but not significantly, from the geographic pole*
In general, the 'Marginal' results have a larger 
circle of confidence than most other groupings. The 'Icelandic' 
results are more easterly than the other groups, and the 'Pacific' 
results are generally along the Greenwich meridian, but none of 
these differences can be considered significant at a 95fo level* 
Almost all groups have pole positions with circles of confidence 
which include the geographic pole.
14*3 Discussion
The 'Pacific' poles are weighted towards Hawaii as 
8 of the 13 poles are from this island group* Furthermore it 
is possible that the'Pacific' group of Plio-Pleistocene poles 
include several positions which are Recent, Miocene or older - 
almost certainly some parts of the Samoan and Hawaiian younger 
formations belong to the Recent period, but cannot be disting­
uished from the Pleistocene rocks, while the pole determination 
for the Cook Islands may belong to the Miocene or older age*
The displacement of the 'Pacific' pole from the 
geographic pole during historic times cannot be regarded as 
important as the results are only from two formations covering 
the last 200 years, during which it is known that the directions 
have changed little from the present. The similarity of this
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p o l e  t o  t h a t  of  t h e  i n c l i n e d  a x i a l  g e o m a g n e t i c  d i p o l e  (78N 82W) 
s u p p o r t s  t h e  view t h a t  t h e  h i s t o r i c  s e c u l a r  v a r i a t i o n  ( C h a p t e r  
15) has  b e e n  s m a l l  i n  m a g n i tu d e .  The d i s p l a c e m e n t  of  t h e  
' I c e l a n d i c '  and ' P a c i f i c '  p o l e s  f rom t h o s e  of  t h e  ' C o n t i n e n t a l ' 
c a n n o t  be c o n s i d e r e d  s i g n i f i c a n t  on t h e  e v i d e n c e  p r e s e n t e d  
h e r e  a l t h o u g h  i t  i s  p o s s i b l e  t h a t  t h e r e  may be a s m a l l  s y s t e m a t i c  
e f f e c t .  The l a r g e r  c i r c l e  of  c o n f i d e n c e  a round  t h e  mean 
' M a r g i n a l '  p o l e s  may be i n d i c a t i v e  of  t h e  g r e a t e r  t e c t o n i c  
i n s t a b i l i t y  of  t h i s  r e g i o n .
A l though  t h e  mean p o l e  of  a l l  M io c e n e - P l i o c e n e  
e s t i m a t e s  does  not  d e v i a t e  s i g n i f i c a n t l y  f rom t h e  r o t a t i o n a l  
p o l e ,  i t s  d i s p l a c e m e n t  i s  on t h e  edge of  95% s i g n i f i c a n c e ,  and 
i t  i s  l i k e l y  t h a t  t h i s  d i s p l a c e m e n t  does  r e f l e c t  an  a c t u a l  
change  i n  t h e  p o s i t i o n  o f  t h e  mean g eo m a g n e t i c  p o l e ,  and p o s s i b l y  
of t h e  g e o g r a p h i c  p o l e ,  r e l a t i v e  t o  t h e  E a r t h  as a whole* 
U n f o r t u n a t e l y  no Miocene ro c k s  were known t o  be sampled i n  t h e  
P a c i f i c  r e g i o n  -  R a r o t o n g a  ( C h a p t e r  7) may c o n t a i n  r o c k s  o f  t h i s  
age  -  so i t  i s  not  p o s s i b l e  t o  compare r e s u l t s  of  t h i s  age w i th  
t h o s e  f rom t h e  c o n t i n e n t s .  Such a c o m p a r i s o n  would be of  v a l u e  
i n  d i s t i n g u i s h i n g  be tw een  a p p a r e n t  p o l a r  movements c a u s e d  by 
l a n d  d i s p l a c e m e n t s  o r  a c t u a l  p o l a r  w a n d e r in g ;  t h e  f o r m e r  would 
p r o b a b l y  no t  a f f e c t  t h e  o c e a n ic  r e s u l t s ,  bu t  o n ly  t h e  c o n t i n e n t a l ,  
w h i l e  t h e  l a t t e r  would a f f e c t  b o t h  r e g i o n s  s i m u l t a n e o u s l y .  The 
q u e s t i o n  of  r e l a t i v e  t e c t o n i c  s t a b i l i t y  of  c o n t i n e n t a l  and
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oceanic regions is important in hypotheses of polar wandering 
but older Tertiary oceanic samples are required for this purpose* 
14*4 Concluding Remarks
These results confirm the hypothesis, based on 
continental results, that the Earth's field, when averaged over 
some 1,000 years, is that of a geocentric axial dipole (Section 
1*2) over the whole of the Earth, and the oceanic areas do not 
differ from this field* The data, however, is still insufficient 
to test the polar wandering hypothesis* The fit to an axial 
geocentric dipole is less good for results from rocks back to 
20 m*y*, but the general agreement is still good*
284
15-1
C h a p t e r  15
SECULAR VARIATION OF THE EARTH'S MAGNETIC FIELD 
IN THE LATE CAINOZOIC
15*1 I n t r o d u c t i o n
In  t h e  p r e v i o u s  c h a p t e r  (14) t h e  mean d i r e c t i o n  of  
t h e  E a r t h ' s  m a g n e t i c  f i e l d  was s t u d i e d  o v e r  p e r i o d s  of  1-5 m*y* 
i n  t h e  P a c i f i c *  In  t h i s  c h a p t e r ,  t h e  q u e s t i o n  of  t h e  s c a t t e r  
of  o b s e r v a t i o n s  i s  d i s c u s s e d  w i t h  t h e  view t o  i n v e s t i g a t i n g  t h e  
v a r i a t i o n  of  t h e  E a r t h ' s  f i e l d  o v e r  s h o r t e r  p e r i o d s ,  i*e*  i t s  
s e c u l a r  v a r i a t i o n *  The s c a t t e r  w i l l  be c o n s i d e r e d  i r r e s p e c t i v e  
of  t h e  s i g n  o f  t h e  d i r e c t i o n s ,  t h e  p rob lem of  r e v e r s a l s  b e i n g  
r e s e r v e d  f o r  t h e  f o l l o w i n g  c h a p t e r *
The prob lem o f  t h e  m a g n i tu d e  and p e r i o d  o f  s e c u l a r  
v a r i a t i o n  i n  t h e  P a c i f i c  ( S e c t i o n  1*2) i s  o f  some i m p o r t a n c e  as  
p e r m a n e n t l y  low v a l u e s  would im ply  t h a t  t h e  i n t e r i o r  of  t h e  
E a r t h  b e n e a t h  t h i s  r e g i o n  i s  d i f f e r e n t  from t h a t  e l s e w h e re *
The most s t r i k i n g  p o s s i b i l i t i e s  would be  e i t h e r  t h a t  t h e  c a u s e s  
o f  s e c u l a r  v a r i a t i o n ,  p r o b a b l y  eddy c u r r e n t s  i n  t h e  c o r e  n e a r  
t h e  c o r e / m a n t l e  i n t e r f a c e ,  s y s t e m a t i c a l l y  a v o i d  t h i s  s e c t o r  o r  
t h a t  t h e i r  e f f e c t s  a r e  s c r e e n e d  out* The l a t t e r  c o u ld  be due 
t o  e i t h e r  t e m p e r a t u r e  o r  c h e m ic a l  d i f f e r e n c e s  w i t h i n  t h e  m a n t l e
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b e n e a t h  t h e  P a c i f i c  g i v i n g  r i s e  t o  h i g h e r  e l e c t r i c a l  c o n d u c t i v i t i e s  
i n  t h i s  s e c t o r  t h a n  t h o s e  i n  t h e  m a n t l e  b e n e a t h  o t h e r  r e g i o n s  of  
t h e  E a r th »
When c o n s i d e r i n g  t h e  p rob lem  of s e c u l a r  v a r i a t i o n ,  
t h e r e  a r e  two f a c t o r s  t o  be examined -  t h e  r a t e  o f  s e c u l a r  
change  and i t s  magnitude*  I n f o r m a t i o n  on t h e  r a t e  o f  s e c u l a r  
v a r i a t i o n  can  be o b t a i n e d  by d i r e c t  o b s e r v a t i o n s  of  t h e  E a r t h ' s  
f i e l d  o v e r  t h e  l a s t  200-400 y e a r s ,  w h e re a s  t h e  m a gn i tude  of  t h e  
v a r i a t i o n  c a n n o t  be d e t e r m i n e d  f rom  t h i s  s o u r c e  as  t h e  t im e  i s  
to o  s h o r t *  P a l a e o m a g n e t i c  o b s e r v a t i o n s  w i l l ,  i n  g e n e r a l ,  c o v e r  
a  much l o n g e r  t im e  span  bu t  w i l l  no t  g i v e  i n f o r m a t i o n  on t h e  
r a t e  of  s e c u l a r  change ,  e x c e p t  i n  h i s t o r i c  t i m e s ,  as  t h e  
t i m e  b a s i s  o f  t h e  r e s u l t s  i s  s t i l l  t o o  i n a c c u r a t e *  However,  
c o n s i d e r a t i o n  o f  t h e  s c a t t e r  of  p a l a e o m a g n e t i c  d i r e c t i o n s  
t h r o u g h  e i t h e r  a t h i c k  r o c k  s e q u e n c e  o r  a  l a r g e  i n t r u s i v e  body,  
g i v e s  i n f o r m a t i o n  on t h e  m a g n i tu d e  of  t h e  v a r i a t i o n  o v e r  p e r i o d s  
o f  s e v e r a l  t h o u s a n d  y e a r s .  S c a t t e r  o b s e r v e d  i n  t h i s  way can  
be compared w i t h  mode ls  o f  t h e  p r e s e n t  f i e l d *
15*2 S e c u l a r  V a r i a t i o n  i n  t h e  P a c i f i c  d u r i n g  t h e  l a s t  200 y e a r s  
G eomagne tic  r e a d i n g s  i n  t h e  P a c i f i c  a r e  a v a i l a b l e  
i n  s h i p s ’ l o g s  of  t h e  e a r l y  e x p l o r e r s  o f  t h e  r e g i o n .  These  
r e c o r d s  c o n t a i n  a p p r o x i m a t e l y  d a i l y  m easu rem en ts  o f  d e c l i n a t i o n  
and o c c a s i o n a l l y  r e a d i n g s  of i n c l i n a t i o n *  Such r e c o r d s ,  such  a s t -
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E x p e d i t  ion Dat es R e f e r e n c e
Cptn* Cook 1767-73 Hawkesworth (1773-78)
C p tn .  V ancouver 1790-94 Vancouver  (1798)
Gvnr .  P h i l l i p 1788 S t o c k d a l e  (1789)
C p t n .  S e l l i n g h a u s e n 1819-21 Debenham (1945)
C p tn .  D ' U r v i l l e 1826-29 D ' U r v i l l e  (1833)
Cptn* W i lkes 1838-42 E n n i s  (1934)
and many o t h e r s ,  a r e  of  somewhat d u b io u s  r e l i a b i l i t y  due 
t o  t h e  p r o x i m i t y  of  l a r g e  am ounts  of  s o f t  i r o n  -  c a n n o n s ,  
c a n n o n b a l l s ,  e t c . ,  t h e  p o s i t i o n  and e f f e c t  o f  w hich  would 
v a r y  d u r i n g  t h e  j o u r n e y  and w i t h  c h a n g e s  i n  t h e  d i r e c t i o n  
of  t h e  s h i p ’ s m o t io n .  C a p t a i n  Cook,  f o r  i n s t a n c e ,  i s  
known t o  have p l a c e d  h i s  c a b i n  k e y s  i n  t h e  s h i p ' s  b i n n a c l e  
w h i l e  he was on t h e  q u a r t e r d e c k  -  i t  i s  not  known i f  t h e s e  
were  removed b e f o r e  o b s e r v a t i o n s  of  d e c l i n a t i o n  were made*
These  e a r l y  e x p l o r e r s  a l s o  t o o k  r e p e a t e d  o b s e r v a t i o n s  w h i l e  
i n  p o r t ,  and t h e s e  a r e  p r o b a b l y  much more r e l i a b l e  ( T a b l e  1 5 - l ) • 
D e s p i t e  t h e  d i f f e r e n t  e r r o r s  which  may have  a f f e c t e d  t h e s e  
e a r l y  r e c o r d s ,  t h e  agreement  b e tw e e n  d i f f e r e n t  v o yages  i s  good,  
and t h e s e  c o n f i r m  t h a t  t h e r e  has  been  o n ly  a s m a l l  change  i n  
d e c l i n a t i o n  of  t h e  g e o m a g n e t i c  f i e l d  d u r i n g  t h e  l a s t  200 y e a r s .
The f u l l  d e t a i l s  o f  t h e  voyages  r e f e r r e d  t o  above  a r e  n o t  
g i v e n  h e r e  as  i t  i s  c o n s i d e r e d  t h a t  t h e  e v i d e n c e  f o r  many 
o t h e r  l o g s  a r e  r e q u i r e d  b e f o r e  a  r e a s o n a b l e  map o f  t h e  c h a n g i n g  
d e c l i n a t i o n  v a l u e s  i n  t h e  1 8 th  and 1 9 t h  c e n t u r i e s  c a n  be p ro d u c e d .
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Tanna  
Ta b l e  15-1
Cook D’U r v i l l e  Wi l ke s  
1767-73 1838 1839-41 
D I D  I
H aw ai ian  I s l a n d s  
H ono lu lu  (Oahu) 
L a h a i n a  (Maui)  
Mauna Loa (H awai i )  
S o c i e t y  I s l a n d s  
T a h i t i  
Samoa
Pago ( T u t u i l a )  
Apia  (Upolu)
S a v a i ' i  
Tonga 
Tongat  apu 
Levuka 
Tofua-Kao  
New H e b r id e s
1 0 -1 1
10
-30
15 -50
7 -4  5
10
10
+ 4 2
+ 4 1
+40
-31
-3 9
-37
I 960
11
13
12
13
11
+39
13 -31
-3 0
-41
-38
-30
-4 3
Some G eomagnetic  O b s e r v a t i o n s  by E a r l y  E x p l o r e r s  
Whi le  i n  H arbou r  o r  S t a t i o n a r y
D o e l l  and Cox (1963) have d e m o n s t r a t e d  by means of  a  p a l a e o -  
m a g n e t i c  s t u d y  o f  9 h i s t o r i c  l a v a  f l o w s  on t h e  i s l a n d  of 
H aw a i i  t h a t  t h e  change  i n  d i r e c t i o n  o f  t h e  E a r t h ' s  f i e l d  
s i n c e  1750 h a s  been  sm a l l»  The s t u d y  s u b s t a n t i a t e s  t h e  
o b s e r v a t i o n s  of  t h e s e  e a r l y  e x p l o r e r s  and c o n f i r m s  t h e  v a l i d i t y  
o f  p a l a e o m a g n e t i c  t e c h n i q u e s  i n  t h i s  f orm o f  i n v e s t i g a t i o n »
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15»3 Palaeomagnetic Scatter and Secular Variation
The directions of NRM observed in different samples 
within the same rock formation usually show a scatter about 
a mean direction* This scatter is attributable to one or 
more of these sourcesj-
1) Experimental Error
2) Inhomogeneity of magnetization
3 ) Statistical effects
4) Anisotropy
5) Instability, associated with secondary magnetization
6) Polar wandering
7) Differential tectonic movements between sites in the
same formation
8) Secular variation
The scatter due to inhomogeneity can be largely 
reduced by inversion of specimens during measurement 
(Collinson et al 1957) while instability effects can be 
greatly reduced by using material which has been partially 
demagnetized and only data from sites which are significantly 
grouped (Section 1*9) • The remaining scatter due to these 
effects, experimental error and anisotropy (which has been 
shown to be absent or small in all data studied here) can 
be further reduced by averaging sample and specimen directions 
as these sources of scatter tend to be random, and therefore
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t e n d  t o  c a n c e l  eac h  o t h e r  i n  any meaning p r o c e e d u re »  Thus t h e  
b e t w e e n - s i t e  s c a t t e r  (s) can  be l a r g e l y  a t t r i b u t e d  t o  s t a t i s t i c a l  
e f f e c t s ,  t e c t o n i c  movements ,  p o l a r  w a n d e r i n g  and s e c u l a r  v a r i a t i o n «  
I t  has  been  shown ( S e c t i o n  1 4 «3) t h a t  p o l a r  w a n d e r in g  
i s  a  l o n g  t e r m  e f f e c t ,  and f o r m a t i o n s  which  a r e  y o u n g e r  t h a n  
some 3 m»y» w f l l  no t  be e x p e c t e d  t o  show much s c a t t e r  due t o  
t h i s  cause»  The a v o i d a n c e  of  t e c t o n i c a l l y  d i s t u r b e d  a r e a s  
sh o u ld  r e d u c e  t h e  e f f e c t . o f  b e t w e e n - s i t e  t i l t i n g ,  so t h a t  t h e  
e s t i m a t e  o f  b e t w e e n - s i t e  s c a t t e r  (s) s h o u l d  l a r g e l y  r e f l e c t  
t h e  m a g n i tu d e  o f  s e c u l a r  v a r i a t i o n ,  and w i l l ,  a t  l e a s t ,  s e t  
an u p p e r  l i m i t  t o  t h e  d e g r e e  o f  s c a t t e r  f rom  t h i s  cause»
When t h e  s c a t t e r s  o f  d i r e c t i o n s  w i t h i n  s i t e s  a r e  
l a r g e ,  t h e n  s t a t i s t i c a l  f l u c t u a t i o n s  due t o  t h e  s t a t i s t i c a l  
e f f e c t s  may be l a r g e ,  and t h e  a c c u r a c y  of  t h e  e s t i m a t e  of  t h e  
b e t w e e n - s i t e  d i r e c t i o n  s c a t t e r  w i l l  be low er»  Watson and 
I r v i n g  (1957) g i v e  a method f o r  d e a l i n g  w i t h  t h e  s t a t i s t i c a l  
e f f e c t s  ( S e c i o n  1»9) b u t  t h i s  i s  o n ly  a p p l i c a b l e  when t h e  
w i t h i n - s i t e  s c a t t e r  i s  sm a l l*  T h e r e f o r e  i n  t h i s  t h e s i s  b o th  
e s t i m a t e s  o f  b e t w e e n - s i t e  s c a t t e r  a r e  g i v e n  (T a b le  15 -2 )  s i n c e  
t h e  d i f f e r e n c e  be tween  t h e  two e s t i m a t e s  (which i s  s m a l l )  
p r o v i d e s  some measure  of  t h e  a c c u r a c y  of t h e s e  methods  i n  
e s t i m a t i n g  t h e  t r u e  b e t w e e n - s i t e  s c a t t e r »
The e s t i m a t e  o f  b e t w e e n - s i t e  p r e c i s i o n  (/$) w i l l  
n o r m a l l y  be g r e a t e r  ( i » e »  t h e  s c a t t e r  w i l l  be l e s s )  t h a n  t h e
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cti S i t e S i t e Watson and I r v i n gCO ^  D i r e c t i o n s P o l e s ( 1 9 5 7 )
•
o o
-  € n K i A n a l y s i s,}-  P t
H aw ai i  P a l a e o l a t i t u d e  = 1 6
38 106 19 1 8° 6 27 15*7 35 17 1 9 .6
Upper  Normal 7 21 20 18.1 31 14 .5 19 8 29*3
Lower Normal 5 15 19 1 8 .6 16 20 .2 36 23 1 6 .8
A l l  Normal 12 36 21 17*7 24 1 6 . 5 24 11 23 .8
A l l  R ev e r s ed 26 70 19 1 8 .6 29 15*0 46 22 17*3
c
Samoa P a l a e o l a t i t u d e  = 1 7
A11W 16 48 20 18.1 19 18 .5 26 25 16 .3
Normal 9 30 1 5 20-9 15 20 .9 38 1 5 20 .8
R ev e r s ed 7 18 35 1 3 .7 29 15*0 16 _(v)
R a r o t o n g a  P a l a e o l a t i t u d e = 28°
Quarry  Rock 26 27 17 19-6 15 2 0 .9 _ t o to  to
Aden P a l a e o l a t i t u d e  = 12°
A11W 12 53 81 9*0 127 7 . 2 57 138 6 .9
Normal 3 15 1 69 6 o 2 243 5 .2 48 „to _co
R ev e r sed 9 38 73 9-5 118 7 . 5 61 126 7 .3
OTHER DATA
(0Newer V o l c a n i c s , V i c t o r i a ? P a l a e o l a t .  = 41 - 37 13 .3
0)O l d e r  V o l c a n i c s , V i c t o r i a ; ? a l a e o l a t • = 59 - 35 13-7
Tasm anian  D o l e r i t e 00? P a l a e o l a t  i t u d e  = 80 60 86 8o7
COCygnet  Complex,  Tasmania s P a i a e o l a t Q — 80 56 776W 2 .9a)
B r i s b a n e  T u f f
CO
: P a l a e o l a t i t u d e  = 60 35 51 2Cv> 3 . 6 ^
T a b l e  15-2  ANALYSES OF PALAEQMAGNETIC SCATTER
(0 I r v i n g  and Green  (1957) to Watson and I r v i n g  (1957)
R o b e r t s o n  (1962)  c a l c u l a t e d  u s i n g  spec im en  d a t a  
(a)  Not s i g n i f i c a n t  on F T e s t  (5/06') Not c a l c u l a b l e  
to I r r e s p e c t i v e  o f  s i g n
(t) These  v a l u e s  a r e  g i v e n  t o  t h e  f i r s t  d e c i m a l  p l a c e ,  b u t
t h e  a c c u r a c y  o f  t h e  e s t i m a t e  i s  much l e s s  t h a n  t h i s
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D i r e c t i o n s  
N k N
1945
/20
P o l e s
K f t *
1960
D i r e c t i o n s  
N k [b
1960
P o l e s
K % .
80N 36 504 3 ® 61 18 202 5 . 7 0 12 454 3 » 80 186 5»94
70N 36 256 5 »06 18 71 9 »35 12 263 4 . 9 9 69 9*75
60N 36 166 6 . 2 9 36 58 1 0 . 6 4 1 2 163 6*34 56 1 0 . 8 2
50N 36 1 25 7 »25 36 65 1 0 . 05 12 1 24 -0 c 0 63 1 0 . 2 0
40N 36 96 8 o 27 36 86 8 . 7 3 1 2 97 8 . 2 2 85 8 . 7 9
30N 36 67 9 . 9 0 36 118 7»46 1 2 68 9 »82 114 7*62
20N 36 41 1 2 . 6 5 36 148 6 . 6 6 12 39 1 2 . 9 7 138 6 . 9 0
10N 36 25 1 6 . 2 0 36 148 6*66 12 24 1 6 » 53 143 6 . 7 7
0 36 18 1 9 . 9 0 36 1 27 7 . 1 9 12 17 19 »65 115 7 0 55
10S 36 17 19*65 36 102 8 . 0 2 12 13 2 2 . 4 6 89 8 . 5 9
20S 36 20 18.11 36 82 8 0 9 4 12 19 1 8 . 5 8 64 1 0 . 1 3
30S 36 24 1 6 . 5 3 36 81 9»00 1 2 23 1 6 . 8 9 66 9*97
40S 36 27 1 5 ° 59 36 108 7 . 7 9 1 2 26 1 5»89 86 8 . 7 3
50S 36 29 15*04 36 192 5 - 8 2 1 2 28 15*31 157 6 o4 6
60S 36 31 1 4 . 5 5 36 297 4*70 12 28 15»31 252 5»10
70S 36 31 U . 5 5 18 294 4 . 7 2 1 2 28 15 . 31 601 3 . 3 0
80S 36 30 U . 7 9 18 947 2 . 6 3 — —
World A n a l y s e s
I r r e s p e c t i v e  o f  Hemisphere  
194 5- 60
P a c i f i c  Region.  I 9 6 0  
D i r e c t i o n s  P o l e s
D i r e c t  i ons P o l e s k K ft«
ft* 50N 5 211 5 . 5 9 244 4 . 91
80° 9*25 4 . 2 3 40N 6 149 6- 64 241 5*22
70°
n
9- 9 8 6 . 7 9 30N 8 116 7 . 5 2 324 4 . 5 0
60 1 0 . 6 3 7 - 8 2 20N 8 105 7 . 9 0 652 3*17
50° 11 . 2 3 8 . 1 4 10N 10 67 9 . 9O 11 29 2.41
40° 11 . 99 8 . 51 0 10 60 1 0 . 4 5 763 2 . 9 3
30° 1 3 . 29 8 . 51 10S 8 90 8 . 5 4 736 2*99
2 0 ° 15*58 8 . 1 7 20S 7 92 8 . 4 5 346 4*35
1 0 ° 18.71 7 . 51 30S 7 95 8 . 3 3 221 5»46
0 ° 1 9 . 37 7 . 3 7 40S 8 101 8 - 0 6 327 4 »48
50S 7 166 6 - 2 9 370 4*21
Ta b l e  15 - 3  ANALYSES OF THE G EO MAGNETIC FIELD SCATTER
(i) Data  from Greer  ( 1962 )  o; D a t a  from Cox (.1962)
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e s t i m a t e  o f  s i t e  d i r e c t i o n  p r e c i s i o n  (s) , a s  t h e  c a l c u l a t i o n  
of  a l l o w s  f o r  t h e  s t a t i s t i c a l  e f f e c t s .  Both methods  depend 
on t h e  s a m p l i n g  of  s u f f i c i e n t  s i t e s  of  v a r i o u s  a g e s  so t h a t  t h e  
f u l l  r a n g e  o f  s e c u l a r  v a r i a t i o n  i s  c o v e r e d .  I f  o n ly  a s m a l l  
p a r t  o f  t h e  s e c u l a r  v a r i a t i o n  c y c l e  i s  sam p led ,  t h e  s c a t t e r  
w i l l  o b v i o u s l y  be l e s s  t h a n  i f  t h e  f u l l  c y c l e  i s  covered*
E s t i m a t i n g  s e c u l a r  v a r i a t i o n  i n  t h e s e  ways i s ,  o f  
c o u r s e ,  an  u n c e r t a i n  p r o c e e d u r e  a s  t h e r e  may be a s u b s t a n t i a l  
c o n t r i b u t i o n  f ro m  o t h e r  s o u r c e s  o f  p a l a e o m a g n e t i c  s c a t t e r .
I t  seems r e a s o n a b l e ,  however ,  t h a t  co m p a r i s o n  o f  t h e  r e s u l t s  
o f  t h e s e  methods  w i t h  ea c h  o t h e r ,  and w i t h  t h e  known v a r i a t i o n  
o f  t h e  p r e s e n t  E a r t h ' s  f i e l d ,  a l l o w s  t e s t i n g  of t h e i r  i n t e r n a l  
c o n s i s t e n c y  and t h e i r  ag reem en t  w i t h  known f a c t s  abou t  t h e  
p r e s e n t  f i e l d .  I f  t h i s  c o n s i s t e n c y  i s  f o u n d ,  t h e n  i t  i s  
p r o b a b l e  t h a t  t h e  i n i t i a l  a s s u m p t i o n s  a r e  r e a s o n a b l y  c o r r e c t .
The f i r s t  r e q u i r e m e n t  i s  t h e  co m p a r i s o n  o f  v a l u e s  of  
p a l a e o m a g n e t i c  s c a t t e r  w i t h  some model  of  t h e  p r e s e n t  f i e l d *
A model  o f  t h e  I960  E a r t h ' s  m a g n e t i c  f i e l d  can be o b t a i n e d  f rom 
U•S • H y d r o g r a p h i c  C h a r t  1706,  w hich  g i v e s  d e c l i n a t i o n ,  and by 
e x t r a p o l a t i o n  f rom  U*S. H y d r o g r a p h ic  C h a r t  1700,  w hich  g i v e s  
i n c l i n a t i o n  i n  1955 w i t h  t h e  a n n u a l  r a t e  of  change* The d a t a  
f rom t h e s e  c h a r t s  may be u sed  i n  s e v e r a l  ways ,  two o f  which 
a r e  (a )  t o  examine  t h e  s c a t t e r  of d i r e c t i o n s  a l o n g  a l i n e  o f  
l a t i t u d e ,  and (b)  t o  c a l c u l a t e  ' v i r t u a l '  g eo m a g n e t i c  p o l e s  f rom 
t h e s e  d i r e c t i o n s  and t o  examine t h e  s c a t t e r  of  t h e s e  p o l e s *
293
15-3
R e s u l t s  of  t h e s e  a n a l y s e s  may be t a k e n  f rom d i f f e r e n t  a r e a s  of  
t h e  w or ld  t o  e s t a b l i s h  r e g i o n a l  d i f f e r e n c e s ,  i n  p a r t i c u l a r  t o  
examine t h e  d i f f e r e n c e  be tw ee n  t h e  n o r t h e r n  and s o u t h e r n  hemi­
s p h e r e ,  and be tw een  t h e  P a c i f i c  r e g i o n  and t h e  r e s t  o f  t h e  
world* The r e s u l t s  of  t h e s e  a n a l y s e s  a r e  g i v e n  i n  T a b le  15-3 
and g r a p h e d  i n  F i g u r e  1 5 - i -  E s s e n t i a l l y  s i m i l a r  a n a l y s e s  of  t h e  
l a t i t u d i n a l  v a r i a t i o n s  of  t h e  whole  g e o m a g n e t i c  f i e l d  i n  1945 
have  s u b s e q u e n t l y  b e e n  g i v e n  by C r e e r  ( l 9 6 2 a b )  and Cox (1962)  
and t h e i r  d a t a  has  been  u s e d  to  o b t a i n  k and f o r  t h e  1945 
f i e l d  ( T a b l e  15-3  and F ig*  1 5 - i ) -  C r e e r  (1955) gave  a n a l y s e s  
o f  v a r i o u s  epochs  up t o  1945,  b u t  t h e  b a s i c  geo m a g n e t i c  d a t a  
f o r  s e v e r a l  p a r t s  o f  t h e  w or ld  i s  no t  t h o u g h t  t o  be s u f f i c i e n t l y  
r e l i a b l e  f o r  e x a m i n a t i o n  o f  w or ld  p a t t e r n s .
R ead ings  of  d e c l i n a t i o n  and i n c l i n a t i o n  were t a k e n
e v e r y  30° o f  l o n g i t u d e  a l o n g  each  10° o f  l a t i t u d e »  Each s e t  of
v a l u e s  was a n a l y s e d ,  a s s u m in g  t h e  d i s t r i b u t i o n  t o  be F i s h e r i a n ,
and t h e  m a g n i tu d e  of t h e  s c a t t e r  e x p r e s s e d  as  t h e  c i r c u l a r
s t a n d a r d  d e v i a t i o n  ( ^ =  8 l / k 2 ) w h ich  i s  n u m e r i c a l l y  e q u a l  t o  t h e
a n g u l a T  s t a n d a r d  d e v i a t i o n  (cos  1 r/ n ) when N -  N -  1 o b s e r v a t i o n s .
S i m i l a r l y ,  an  a n a l y s i s  of  s c a t t e r  was made o v e r  t h e  P a c i f i c
r e g i o n ,  bounded by t h e  A n d e s i t e  L ine  (F ig*  1 - i ) ,  b u t  d e c l i n a t i o n
oand i n c l i n a t i o n  v a l u e s  were t a k e n  a t  i n t e r v a l s  o f  e v e ry  15 of  
l o n g i t u d e  a l o n g  each  10° o f  l a t i t u d e *  These  i n t e r v a l s  were  
c h o s e n  so t h a t  t h e  number of  o b s e r v a t i o n s  u s e d  i n  each  c a l c u l a t i o n
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is similar to that normally used in palaeomagnetic studies* The 
use of a closer network would obviously give a better estimate 
of the scatter, but this interval is considered to be adequate 
for the purpose of comparison with between-site scatter*
The basic assumption in using this model is that the 
scatter of directions observed at any point from a rotation of 
the present geomagnetic field about the rotational pole is 
similar to that which arises from secular variation of the 
field at one place observed over some 10* years* This appears 
to be a reasonable proceedure as there is good evidence (Chapter 
14) that the average geomagnetic field is symmetrical to the 
rotational axis of the Earth, and the present field shows ^ 
westerly drift, with little or no north-south component• Tne 
scatter examined here is attributed to the variation of the 
non-dipole field and the effective rotation of the inclined 
geomagnetic dipole* Creer (1962a) gives N and R for the same 
latitudes of the 1945 geomagnetic field, and these have been 
used to calculate K = N-1/ n-R (Table 15-3) and the circular 
standard deviation (^J has been calculated from this estimate 
of precision* It is evident (Fig* 15-i) that there is no sign­
ificant difference from the I 960 analysis, and both analyses have 
been used to obtain the world average irrespective of hemisphere 
If 'virtual* geomagnetic poles are calculated from 
each direction used in the above analysis, it is possible to
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examine the scatter due to variation of the non-dipole field 
alone because each pole is calculated allowing for the geographic 
position of the reading, so that in examining the scatter of the 
poles, one aspect of the behaviour of the non-dipole field is 
determined* This means, of course, that the scatter is less 
than that obtained by an analysis of directions since the 
effect of the inclined dipole is absent* Cox (1962) gives data 
(N and R) on the scatter of virtual geomagnetic poles for the 
1945 field* These have been used to obtain and it is again 
apparent that there is no significant difference between the 
analyses of the 1945 and I960 fields, so both analyses have 
been combined to obtain the world average irrespective of 
hemisphere•
The Rarotonga data cannot be used to obtain ß as 
only one sample was obtained from each site* This also means 
that in the analysis of the scatter of site directions, there is 
no averaging of within-site scatter* It is not surprising, 
therefore, that the scatter in Rarotonga should be much greater 
than that observed elsewhere*
The exceptionally low scatter shown by the Aden 
results may indicate that only a part of the range of secular 
variation has been sampled* It is possible that the 'normal' 
sites (l-3) are of similar age as they are all in the same 
trachytic plug, and some'reversed' sites (4-7) in the Khusaf 
Valley may be of similar age to one another* On the other hand,
297
15-3
a t o t a l  o f  12 s i t e s  a r e  i n v o l v e d  and b o t h  ' n o r m a l '  and ' r e v e r s e d '  
s am p les  a r e  p r e s e n t ,  s u g g e s t i n g  t h a t  a  f a i r l y  l a r g e  t i m e  span  
has  been  covered*
and t h e  T asm an ian  D o l e r i t e  (Watson and I r v i n g  1957) show s c a t t e r s  
which  a r e  i n  good ag re e m e n t  w i t h  t h e  w o r ld  a n a l y s i s ,  i r r e s p e c t i v e  
o f  h e m is p h e re *  As t h e  e s t i m a t e s  t e n d  t o  be maximum e s t i m a t e s ,  
t h e  p o s i t i o n  o f  t h e  O l d e r  V o l c a n i c s  of  V i c t o r i a  ( I r v i n g  and 
G reen  1957) i s  a l s o  more c o n s i s t e n t  w i t h  t h e  w or ld  a v e r a g e  
i r r e s p e c t i v e  of  h e m is p h e r e  t h a n  t h a t  of  t h e  s o u t h e r n  hem isphere*  
The c i r c u l a r  s t a n d a r d  d e v i a t i o n  of  t h e  B r i s b a n e  T u f f  and t h e  
Cygnet  Complex,  T a s m a n ia ,  ( R o b e r t s o n  1962) a r e ,  however ,  l e s s  
t h a n  would  be e x p e c t e d  on t h i s  m ode l ,  a l t h o u g h  t h e y  a r e  b r o a d l y  
c o n s i s t e n t  w i t h  i t ,  and t h e  d i f f e r e n c e s  may r e f l e c t  t h e  d i f f e r e n c e  
i n  age*
a g ree m en t  w i t h  t h e  1960 g e o m a g n e t i c  s c a t t e r  bu t  i s  c o n s i s t e n t  
w i t h  t h e  s c a t t e r  f o r  t h e  whole  f i e l d *  T h i s  i s  c o n s i s t e n t  w i t h  
t h e  view t h a t  o v e r  t h e  l a s t  5 m*y* t h e  m agn i tude  o f  t h e  s e c u l a r  
v a r i a t i o n  i n  t h e  P a c i f i c  has  not  b e e n  abnormal*  T h e re  i s ,  of  
c o u r s e ,  no e v i d e n c e  o f  i t s  p e r i o d  d u r i n g  t h i s  t ime*  The s i m i l -
p a t t e r n ,  c o n s i d e r e d  i r r e s p e c t i v e  o f  h e m is p h e r e ,  would a l s o
\
s u g g e s t  t h a t  t h e  p r e s e n t  asymmetry be tween  h e m is p h e r e s  i s  a
The Newer V o l c a n i c s  of  V i c t o r i a  ( I r v i n g  and G reen  1957)
The P a c i f i c  p a l a e o m a g n e t i c  d a t a  does  not  show any
w i t h  t h a t  o f  t h e  a v e r a g e  g e o m a g n e t i c
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te m p o r a r y  phenomenon* T h i s  ag ree m en t  f u r t h e r  s u g g e s t s  t h a t  
s e c u l a r  v a r i a t i o n  i n  t h e  L a t e  C a i n o z o i c  i s  due t o  v a r i a t i o n s  i n  
t h e  i n c l i n e d  g e o m a g n e t i c  d i p o l e  a s  w e l l  a s  t h e  n o n - d i p o l e  f i e l d *  
C l e a r l y  much more d a t a  i s  r e q u i r e d  f o r  any d e f i n i t i v e  c o n c l u s i o n s  
t o  be  drawn*
15»4 Models o f  t h e  S e c u l a r  V a r i a t i o n  of  t h e  E a r t h ' s  F i e l d
Two t h e o r e t i c a l  m ode ls  of  t h e  s e c u l a r  change o f  t h e  
E a r t h ' s  f i e l d  have been  s u g g e s t e d ,  and t h e s e  can  be compared 
w i t h  p a l a e o m a g n e t i c  da t a *  I n  t h e  f i r s t  model ( C r e e r  e t  a l  1954,  
I r v i n g  1956) s i t e  d i r e c t i o n s ,  when c o n s i d e r e d  o v e r  a l o n g  p e r i o d ,  
a r e  assumed t o  have  a F i s h e r i a n  d i s t r i b u t i o n  abou t  t h e i r  mean 
so t h a t  b o t h  s i t e  d i r e c t i o n s  and s i t e  p o l e s  w i l l  have c i r c u l a r  
d i s t r i b u t i o n s .  I n  t h e  second model ( C r e e r  e t  a l  1959) t h e  s i t e  
p o l e s  a r e  assumed t o  undergo  random ch an g e s  and t o  have a 
F i s h e r i a n  d i s t r i b u t i o n  about  t h e i r  mean p o s i t i o n *  In  t h i s  model ,  
t h e  change i n  d e c l i n a t i o n  (Sd ) and i n c l i n a t i o n  ( f i )  a t  t h e  
s a m p l i n g  l o c a l i t y  i s  g i v e n  by
£ d = ^  (1 + 3 c o s 2^ )  ^  £ l  = 2 / ^ ( 1  + 3 c o s 2/') 1
where  i s  t h e  p a l a e o m a g n e t i c  c o l a t i t u d e ,  i • e • t h e  a n g u l a r  
d i s t a n c e  b e tw ee n  t h e  sa m p l in g  s i t e  and i t s  p a l a e o m a g n e t i c  p o l e ,  
and i s  t h e  c i r c u l a r  s t a n d a r d  d e v i a t i o n *  I t  f o l l o w s  t h a t  a t  
h i g h  l a t i t u d e s  b o th  iTD and Cl  a p p r o a c h  %i/2,  w h i l e  a t  low l a t i t ­
u d e s ,  £ d a p p r o a c h e s  %</2 bu t  £ l  a p p r o a c h e s  2 ^ *  That  i s , t h a t  i n  
h i g h  p a l a e o m a g n e t i c  l a t i t u d e s ,  t h e  d i s t r i b u t i o n  o f  s i t e  d i r e c t i o n s
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is nearly circular, while at low latitudes, it becomes oval, 
with the maximum axis along the palaeomagnetic meridian*
In Figure 15-ii, the centred pole positions and 
centred site directions are plotted for Hawaii, Samoa, Aden 
and Rarotonga* It is evident that the pole positions appear to 
have a circular distribution, except in Rarotonga- The pattern 
of site directions vary, with Hawaii showing an oval., tke 
major axis is along £ I * The Rarotonga site directions are also 
distributed in an oval, but the major axis is closer to and 
the plane of the dyke* The other regions do not contain 
sufficient sites to determine the pattern* It is possible that 
the Rarotonga site directions may be affected by elongation of 
their directions along the plane of the dyke* The Hawaiian 
example, however, is in good agreement with the second model* 
15*5 Secular Variation within a Large Dyke
Jaeger and Green (1956) suggested that the study of 
the variation of palaeomagnetic directions across a thick 
intrusive body would reflect the magnitude of secular variation 
during the time the body cooled* In a large body, this cooling
3can take some 10 years and a detailed picture of secular 
variation can be obtained*
Samples were taken from three quarry faces in a large 
dyke (Site 12) on Rarotonga, Cook Islands (Chapter 7)* Unfort­
unately, the full extent of the dyke is not known and sampling
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F igu re  15- ü 1 uarry rock S|TES
C o M ic I l i f  llitc* <« net n t c t t t a r i l f  t r a c t  o t t  th e  change» of 
direction» between ölte». Arrow» a r t  Io the d irection  of 
increasing westerly »it t» .
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d i f f i c u l t i e s  meant t h a t  t h e  s p a c i n g  be tw een  sam p les  was uneven  
w i t h  o n ly  one sample a t  each  s i t e  a c r o s s  t h e  qua r ry«  As a 
r e s u l t ,  t h e  s c a t t e r  of  sample  d i r e c t i o n s  r e f l e c t s  no t  on ly  
s e c u l a r  v a r i a t i o n ,  bu t  a l s o  a l l  e x p e r i m e n t a l  e r r o r s ,  w h i l e  t h e  
t i m e  b a s e  be tween  sam p les  i s  a l s o  v a r i a b l e *
Compar ison  o f  t h e  sample d i r e c t i o n s  a c r o s s  eac h  f a c e  
(F ig*  1 5 - i i i )  g i v e s  some i n d i c a t i o n  o f  a  c y c l i c a l  movement i n  
d i r e c t i o n s  o f  NRM, but t h i s  i s  no t  n e c e s s a r i l y  s i g n i f i c a n t ,  
a l t h o u g h  i n  g e n e r a l  t e r m s  t h e  movement i s  c o n s i s t e n t  w i t h  t h e  
p a s s a g e  of  s e v e r a l  i s o p o r i c  f o c i  n e a r  t h e  i s l a n d  d u r i n g  t h e  
t i m e  t h e  dyke was c o o l in g *
15*6 C o n c lu d in g  Remarks
The e v i d e n c e  a t  p r e s e n t  a v a i l a b l e  on t h e  s e c u l a r  
v a r i a t i o n  i n  t h e  P a c i f i c  r e g i o n  s u g g e s t s  t h a t  t h e  m a g n i tu d e  of  
t h e  phenomenon does  n o t  d i f f e r  s i g n i f i c a n t l y  f rom t h e  r e s t  of  
t h e  w o r ld ,  a l t h o u g h  t h e  t i m e  p e r i o d i c i t y  has  been  l e s s  t h a n  i n  
o t h e r  r e g i o n s  d u r i n g  t h e  l a s t  200 y e a r s *  I t  i s  e v i d e n t ,  however 
t h a t  more d e t a i l e d  s a m p l in g  i s  r e q u i r e d  b e f o r e  i n f o r m a t i o n  can  
be o b t a i n e d  on t h e  p e r i o d  of s e c u l a r  v a r i a t i o n  i n  t h i s  r e g i o n  
d u r i n g  o l d e r  t i m e s .  The t e s t i n g  o f  v a r i o u s  h y p o t h e s e s  of  
s e c u l a r  change  i s  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  o r i g i n  and 
b e h a v i o u r  of  t h e  E a r t h ' s  f i e l d  i n  t ime*  The d a t a  p r e s e n t e d  
h e r e  i s  no t  c o n s i s t e n t  w i t h  e i t h e r  model  examined ,  b u t  i t  i s  no t  
c l e a r  i f  t h i s  r e f l e c t s  i n a c c u r a c i e s  i n  t h e  models  o r  i n  t h e  d a t a  
In  an  e x a m i n a t i o n  o f  a  t h i c k  dyke ,  i t  i s  c l e a r  t h a t  d e t a i l e d
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s a m p l in g  may a l l o w  an e s t i m a t e  of w i t h i n - s i t e  s c a t t e r  and 
t h e r e b y  d e t e r m i n e  t h e  amount o f  b e t w e e n - s i t e  s c a t t e r *  T h i s  
s h o u ld  g i v e  e v i d e n c e  on t h e  m a g n i tu d e  o f  t h e  s e c u l a r  c h a n g e ,  
w h i l e  t h e  v a r i a t i o n  i n  d i r e c t i o n  a c r o s s  t h e  dyke may a l l o w  t h e  
e s t i m a t i o n  o f  t h e  p e r i o d  of  t h e  s e c u l a r  v a r i a t i o n  c y c l e  i f  t h e  
r a t e  o f  c o o l i n g  c o u l d  be e s t i m a t e d  a c c u r a t e l y *
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Chapter 16
REVERSALS OP THE EARTH'S FIELD IN THE LATE CAINOZOIC
16«1 Introduction
'Reversed' NRM has been observed in all island groups 
discussed in this thesis- The methods by which 'reversed' 
polarity may have been acquired will now be discussed with the 
view to determining the most likely cause of these observations. 
The relevance of these reversals to the hypothesis of reversals 
of the Earth's magnetic field during the Late Cainozoic will 
then be discussed and their use will be examined in geological 
correlation both within and between island groups, where most 
standard geological correlation methods cannot be applied due 
to either the absence of fossil or other marker horizons, or to 
the inaccuracy of correlation on fossil evidence caused by the 
time taken for migration.
16.2 Reversal Mechanisms
Several theoretical ways by which a rock may acquire 
a 'reversed' polarity will be considered, with particular 
reference to the characteristics of the Pacific data*
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(a )  O v e r t u r n i n g  e i t h e r  of  t h e  whole  f o r m a t i o n ,  a  p a r t  o f  i t ,  
o r  a  s o l i d i f i e d  p o r t i o n  w i t h i n  a l i q u i d  o r  p l a s t i c  l a v a  f low*
As t h e  o r i g i n a l  dome can  be r e a d i l y  d i s t i n g u i s h e d  i n  many i s l a n d s ,  
t h e  f i r s t  p o s s i b i l i t y  i s  no t  a p p l i c a b l e *  L o c a l  o v e r t u r n i n g  may 
o c c u r  i n  c o n n e c t i o n  w i t h  e i t h e r  f a u l t i n g ,  c o l l a p s e  o v e r  l a v a  
t u n n e l s  o r  c a l d e r a  s u b s i d e n c e ,  bu t  a l l  such  a r e a s  were  a v o i d e d  
i n  sam pl ing*  The p o s s i b i l i t y  of  o v e r t u r n i n g  w i t h i n  a p l a s t i c  
l a v a  was s u g g e s t e d  by H e i l a n d  (1930)  bu t  r e c e n t  m easu rem en ts  of  
t h e  s o l i d i f i c a t i o n  t e m p e r a t u r e  of  l a v a  i n  Hawai i  i s  a p p r o x i m a t e l y  
1065°C* (A u l t  e t  a l  1962) ,  w h i l e  t h e  minimum t e m p e r a t u r e  a t  which 
v i s c o u s  f lo w  might  be p o s s i b l e  i s  800°C* (Graham 1953)* As t h e s e  
a r e  i n  e x c e s s  of  t h e  C u r i e  p o i n t  o f  p u r e  m a g n e t i t e  (578 C») ,  
i t  seems u n l i k e l y  t h a t  t h i s  mechanism i s  o p e r a b l e *
(b) L i g h t n i n g  p r o d u c e s  a complex p a t t e r n  of  d i r e c t i o n s  of  
IRM, t h e  i n t e n s i t y  of  w hich  c a n  be much h i g h e r  t h a n  t h a t  of
TRM i n  t h e  E a r t h ' s  f i e l d *  Such m a g n e t i z a t i o n  w i l l  n o r m a l l y  have 
a low s t a b i l i t y ,  so t h a t  l i g h t n i n g  e f f e c t s  a r e  u s u a l l y  d e t e c t a b l e  
by t h e  b e h a v i o u r  o f  t h e  i n t e n s i t y  of  NRM as  i t  i s  d em agne t i zed*
I t  i s  p o s s i b l e ,  however ,  t h a t  l i g h t n i n g  s t r i k e s  d u r i n g  c o o l i n g  
may im p a r t  a l a r g e  IRM component  a t  a  h ig h  t e m p e r a t u r e  -  such  
a component would have a h i g h  s t a b i l i t y ,  b u t  t h e  i n t e n s i t y  of 
NRM would be a n o m o lo u s ly  h igh*
(c)  S t r e s s  e f f e c t s  a r e  o f t e n  complex bu t  i n  g e n e r a l  a r o c k  
c o o l i n g  u n d e r  s t r e s s  w i l l  a c q u i r e  a  m a g n e t i z a t i o n  t h e  d i r e c t i o n
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of which is not parallel to the Earth’s field, but will revert 
to the ambient field direction either as the stress is removed 
(Stott and Stacey I960, Stacey 1961) or after weak partial 
demagnetization (Kern 1961abc). Rocks which are stressed after 
acquisition of their NRM may have the original NRM vectors 
distorted, but these will often revert after weak partial 
demagnetization unless there has been chemical or physical 
reconstitution, the effects of which can sometimes be detected 
in thin section*
(d) Incorrect orientation of the sample in the field or lab­
oratory may give rise to apparent ’reversals', but only except­
ionally to exact reversal as two errors are usually required
to produce this effect.
All these four ways will only rarely produce an exact
reversal, and most of them tend to give an error in direction of 
oless than 90 • The use of partial demagnetization techniques 
and the use of more than one sample per site reduces the likeli­
hood of these methods contributing a significant number of 
'reversed' directions to the total observed.
(e) Five theoretical self-reversal mechanisms have been
suggested (Neel 1955, Verhoogen 1956) which produce an exact 
o180 change of polarity. The details are somewhat complex, 
(these have been described more fully in Tarling, M.Sc* Dissert­
ation, London, 1959) but can be broadly classified into three
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t y p e s  -  (a)  m a g n e t i c  i n t e r a c t i o n  be tw een  two c r y s t a l l o g r a p h i c  
s u b l a t t i c e s  o f  d i f f e r e n t  C u r ie  p o i n t s ,  (b)  m a g n e t i c  i n t e r a c t i o n  
be tw ee n  two p h a s e s ,  o r  m a gne t ic  m i n e r a l s ,  o f  d i f f e r e n t  C u r i e  
p o i n t s ,  and (c )  o r d e r - d i s o r d e r  e f f e c t s  w i t h i n  a m i n e r a l  o v e r  
a  l o n g  t im e*  Only one f u l l y  a u t h e n t i c a t e d  s e l f - r e v e r s a l  of  
n a t u r a l l y  o c c u r r i n g  m i n e r a l s  has  b e e n  r e p o r t e d  (N ag a ta  1953,  
Uyeda 1958) i n  t h e  H aruna  d a c i t e ,  Japan*  S e v e r a l  s y n t h e t i c  
m i n e r a l s  have  e x h i b i t e d  s e l f - r e v e r s a l  ( S o r t e r  1954abc)  w h i l e  
a  few n a t u r a l l y  o c c u r r i n g  m i n e r a l s  have  shown some r e v e r s a l  
p r o p e r t i e s  a f t e r  l a b o r a t o r y  t r e a t m e n t s .  No s e l f - r e v e r s a l  or  
r e v e r s a l  p r o p e r t i e s  have been  s u g g e s t e d  i n  m a g n e t i t e *  I t  i s  
n o t  p o s s i b l e  t o  t e s t  f o r  n a t u r a l  s e l f - r e v e r s a l  a t  t h e  t i m e  t h e  
r o c k  fo rm ed  a s  s e l f - r e v e r s a l  u n d e r  l a b o r a t o r y  c o n d i t i o n s  o n ly  
shows t h e  mechanism co u ld  have o c c u r r e d  i n  t h e  p a s t ,  w h i l e  i t s  
a b s e n c e  i n  t h e  l a b o r a t o r y  i s  n o t  i n d i c a t i v e  o f  p a s t  c o n d i t i o n s  
e i t h e r  -  t h i s  i s  b e c a u s e  i t  i s  no t  known what e f f e c t  c h e m i c a l /  
p h y s i c a l  c h a n g e s  have had on t h e  m a g n e t i c  p r o p e r t i e s  of  t h e  r o c k  
e i t h e r  s i n c e  i t s  f o r m a t i o n  o r  d u r i n g  l a b o r a t o r y  t e s t i n g .
( f )  A c q u i s i t i o n  of  NRM i n  a n  am bien t  f i e l d  of  o p p o s i t e  s e n s e  
t o  t h e  p r e s e n t  E a r t h ' s  f i e l d  can o c c u r  i f  t h e  E a r t h ' s  f i e l d  can 
change  p o l a r i t y ,  o r  i f  a  l o c a l  d i s t o r t i o n  i n v e r t s  t h e  f i e l d .
A l o c a l  i n v e r t i o n  c o u l d  o c c u r  i f  o l d e r  r o c k s  a r e  s t r o n g l y  magn­
e t i z e d  and  o v e r l a i n  by a l a t e r  l a v a  which  t h e n  c o o l s  i n  a  f i e l d  
dom ina ted  by t h a t  of  t h e  o l d e r  r o c k s .  Most l a v a s ,  how ever ,
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have  i n t e n s i t i e s  o f  NRM l e s s  t h a n  1 x 10 2e «m.u •/cm3’, and t h e i r  
f i e l d  d e c r e a s e s  a s  t h e  s q u a r e  of  t h e  d i s t a n c e  from t h e  rock*
Most f l o w s  a r e  ' i n s u l a t e d '  f rom t h e  m a g n e t i c  f i e l d  of  o l d e r  f l o w s  
by t h e  p r e s e n c e  o f  a s h ,  s o i l ,  s c o r i a e ,  e t c ,  so t h e  f i e l d  o f  
o l d e r  f l o w s  i s  n e g l i g i b l e  compared w i t h  t h a t  of  t h e  E a r t h .  I f ,  
how ever ,  t h i s  p r o c e s s  o p e r a t e d ,  i t  would r e s u l t  i n  an a l t e r n a t i o n  
o f  p o l a r i t y  w i t h  each  s u c c e s s i v e  f l o w .  A r e v e r s a l  o f  t h e  E a r t h ' s  
f i e l d  w ould  r e s u l t  i n  an  e x a c t  r e v e r s a l  of  NRM d i r e c t i o n s  i n  
r o c k s  o f  t h e  same a g e ,  i r r e s p e c t i v e  o f  rock  t y p e  i » e .  t h e r e  would 
be no s y s t e m a t i c  d i f f e r e n c e  i n  c h e m i c a l ,  m i n e r a l o g r a p h i c  o r  
p h y s i c a l  p r o p e r t i e s  be tw e e n  r o c k s  o f  d i f f e r e n t  p o l a r i t y .
16*3 The Mechanism of R e v e r s a l  i n  t h e  P a c i f i c  Region
The main f e a t u r e s  o f  t h e  s i t e s  o f  d i f f e r e n t  p o l a r i t y  
which  have  b e e n  o b s e r v e d  i n  t h e  P a c i f i c  a r e
1 .  The r a t i o  o f  N t o  R i s  1 t o  1 . 2 8 ,  so t h a t  t h e  mechanism 
c a u s i n g  r e v e r s e d  p o l a r i t y  must o p e r a t e  a s  commonly as  t h a t  c a u s i n g  
norm al  p o l a r i t y .
2 .  The r e v e r s a l  i s  e x a c t  w here  i t  c an  be t e s t e d  w i t h i n  a s i n g l e  
r e g i o n •
3* None o f  t h e  57 s p e c im e n s  w hich  were g iv e n  a TRM i n  t h e  
l a b o r a t o r y  showed s e l f - r e v e r s a l ,  and none o f  t h e  27 s p ec im en s  
g i v e n  a PTRM i n  t h e  l a b o r a t o r y  showed t h i s  b e h a y i o u r  e i t h e r .
4« Where b o t h  p o l a r i t i e s  o c c u r ,  t h e y  a r e  r e s t r i c t e d  t o  
d i s t i n c t  s t r a t i g r a p h i c a l  zones  w h ich  may be s e p a r a t e d  by zones
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o f  i n t e r m e d i a t e  o r  s c a t t e r e d  d i r e c t i o n s .
5 • A l th o u g h  no p e t r o l o g i c a l  work h a s  ye t  been  done oi\ t h e  
s a m p l e s ,  an  e x a m i n a t i o n  o f  t h e  l i t e r a t u r e  s u g g e s t s  t h a t  t h e  
f e r r o m a g n e t i s m  i s  a s s o c i a t e d  w i t h  m a g n e t i t e *
6 .  The same r o c k  t y p e s  o c c u r  i n  b o th  no rm a l  and r e v e r s e d  zones* 
I t  i s  c o n s i d e r e d  u n l i k e l y  t h a t  any mechanism o t h e r  
t h a n  s e l f - r e v e r s a l  o r  r e v e r s a l  o f  t h e  E a r t h ' s  f i e l d  can  a c c o u n t  
f o r  t h e  r a t i o  and e x a c t n e s s  of  t h e  r e v e r s a l s ,  w h i l e  t h e  s t r a t i ­
g r a p h i c  z o n a t i o n  of  p o l a r i t i e s  i n  r o c k s  of  s i m i l a r  p e t r o l o g y  
and t h e  a b s e n c e  o f  s e l f - r e v e r s a l  phenomena i n  t h e  l a b o r a t o r y  
s u g g e s t  t h a t  t h e  mechanism by which  most r o c k s  a c q u i r e d  a ' r e v ­
e r s e d '  p o l a r i t y  i s  a p e r i o d i c  r e v e r s a l  of  t h e  main E a r t h ' s  
f i e l d  p o l a r i t y .
16*4 P o l a r i t y  Zones  i n  t h e  P a c i f i c  I s l a n d s
'N o rm a l '  and ' r e v e r s e d '  p o l a r i t i e s  have b e e n  o b s e r v e d  
i n  t h e  P a c i f i c  i s l a n d s  ( T a b l e  1 6 - 2 ; and where b o th  a r e  p r e s e n t  i n  
t h e  same r e g i o n ,  t h e y  f a l l  i n t o  d i s t i n c t  s t r a t i g r a p h i c a l  z o n e s .  
The number o f  zones  o b s e r v e d  i s  g r e a t e s t  i n  Hawai i  ( S e c t i o n  4*13) 
where  a t  l e a s t  f i v e  p o l a r i t y  zones  have been  d e t e c t e d »  Only one 
zone was d e t e c t e d  i n  R a r o t o n g a  (Cook I s . )  and i n  a l l  o t h e r  
i s l a n d  g r o u p s ,  two p o l a r i t y  zones  have  been  o b s e r v e d .
The p i c t u r e  i n  t h e  New C a l e d o n i a n  and o l d e r  F i j i a n  
r o c k s  i s  c o m p l i c a t e d  by t h e  h ig h  d e g r e e  of  i n s t a b i l i t y  o b s e rv e d  
i n  sam ples  f rom  t h e s e  i s l a n d s ,  and a l t h o u g h  t h e r e  a p p e a r  t o  be
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different polarity zones, it is not thought that the evidence 
warrants the drawing of firm conclusions.
16»5 Polarity Zones and Stratigraphical Correlation
The establishment of the stratigraphic position of 
polarity zones in the Cainozoic and their periodicity is of 
interest in hypotheses concerning the origin of the Earth's 
magnetic field and for stratigraphic correlation. Unfortunat ely 
there are considerable stratigraphic and palaeomagnetic diffic­
ulties in determining the position of polarity zones during this 
period. Many stratigraphic boundaries (Table 16—1) are defined 
differently in different parts of the world (for example, the 
Villafranchian is regarded by some as Pleistocene and by others 
as Pliocene) and further, definitions of the same zone have 
differed from time to time (for example it is not always clear 
if Miocene rocks include the Pontian and Aquitanian, or if one 
or both of these stages are regarded as Oligocene)• Most of 
the palaeomagnetic results at present available in the Cainozoic 
have not been adequately tested for stability, and in a partially 
stable 'reversed' sequence, 'normal' zones may appear due to 
later secondary components parallel to the Earth's field*
Finally, in any one formation, self-reversal mechanisms cannot 
be eliminated as a cause of polarity change*
Most of the information available is on the last 
reversal of the Earth's field (from 'reversed' to its present 
'normal' polarity). This change has been established as
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o c c u r r i n g  i n  t h e  m idd le  of  t h e  Lower P l e i s t o c e n e  (Roche 1956) 
and r e s u l t s  f rom I c e l a n d  (H ospe rs  1 9 5 3 - 5 4 ) ,  A u s t r a l i a  ( i r v i n g  
and Green  1 9 5 7 ) ,  N*America (Cox e t  a l  1 9 6 3 ) ,  S .A m e r i c a  ( C r e e r  
1962c) and J a p a n  (N a g a ta  e t  a l  1957) a r e  c o n s i s t e n t  w i t h  t h i s  
age» C e r t a i n  l e v e l s  of  r e v e r s a l  i n  t h e  P a c i f i c  a r e  a l s o  
c o n s i s t e n t  w i t h  t h i s  a g e ,  and this  l e v e l  of  r e v e r s a l  can  now 
be r e g a r d e d  a s  q u i t e  w e l l  e s t a b l i s h e d *  The o l d e r  l e v e l s  of  
r e v e r s a l ,  however ,  are n o t  so w e l l  known* R u t t e n  ( i 9 6 0 )  
a t t e m p t e d  a c o r r e l a t i o n  t a b l e  (E u ro p e ,  T a b le  16-2)  b a s e d  on 
known l e v e l s  o f  r e v e r s a l  i n  t h e  C a i n o z o i c ,  b a s e d  p a r t i c u l a r l y  
on t h e  work of  Roche i n  P ra n c e *  The p i c t u r e  i s  now known t o  
be much more complex as  more d a t a  has  become a v a i l a b l e •- 
Khramov (1958), f o r  example ,  d e f i n e s  13 l e v e l s  o f  r e v e r s a l  s i n c e  
t h e  P o n t i a n ,  compared w i t h  4 by R u t t en *
The r e s u l t s  now a v a i l a b l e  on Upper C a i n o z o ic  z ones  i s  
summarised  i n  T a b le  16-2* The p i c t u r e  i s  p r o b a b l y  much more 
complex ,  and t h i s  t a b l e  can  o n ly  be r e g a r d e d  as  a  t e n t a t i v e  
o u t l i n e •
The o b s e r v a t i o n  of  f o u r  l e v e l s  o f  r e v e r s a l  i n  t h e  
H a w a i i a n  I s l a n d s  i s  of c o n s i d e r a b l e  v a l u e  as  some r a d i o g e n i c  
a g e s  a r e  a v a i l a b l e  on t h e s e  r o c k s  ( S e c t i o n  4*5)* The l e v e l  of 
t h e  l a s t  r e v e r s a l  a p p e a r s  t o  be a t  a p p r o x i m a t e l y  1 m*y* ago ,  
w i t h  o t h e r  l e v e l s  a t  a p p r o x i m a t e l y  2 . 6 ,  2 .9  and 3*1 m*y. 
U n f o r t u n a t e l y  t h e  c o r r e s p o n d e n c e  "between sam ples  m easured  
p a l a e o m a g n e t i c a l l y  and t h o s e  d a t e d  r a d i o g e n i c a l l y  i s  no t  a lways
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e x a c t .  As a r e s u l t  o n ly  one l e v e l  can  be s t r i c t l y  d e f i n e d  be tween  
2 . 5 2  and 2 .8 3  m*y. However, Cox e t  a l  (1963) have  r e c e n t l y  pub­
l i s h e d  r e s u l t s  of  r a d i o g e n i c  age and p o l a r i t y  m easu rem en ts  a t  
s i x  Upper  C a i n o z o i c  s i t e s  i n  C a l i f o r n i a *  On t h e i r  e v i d e n c e ,  a 
r e v e r s a l  o c c u r s  b e tw ee n  0 . 9 8  and 0«99 m«y», and be tween  1 .6 9  and 
2 . 6  m.y.  These  r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  H aw ai ian  
r e s u l t s ,  b u t  i n  H a w a i i ,  t h e r e  i s  e v i d e n c e  of  r e v e r s a l s  o c c u r r i n g  
be tw een  2 .6  and 3*2 m .y .  which  t h e y  r e c o g n i z e  as  a s i n g l e  p o l a r i t y  
zone ,  a l t h o u g h  t h e y  made no m easu rem en ts  i n  t h i s  t i m e  r a n g e .
16»6 C o n c l u d i n g  Remarks
The H a w a i i a n  e v i d e n c e  i s  no t  s u f f i c i e n t l y  d e t a i l e d  t o  
e s t a b l i s h  t h e  d u r a t i o n  of each  p o l a r i t y  zone ,  b u t  on t h e  p r e s e n t  
e v i d e n c e ,  i t  a p p e a r s  t o  be i r r e g u l a r ,  v a r y i n g  f rom 0 . 2  t o  1 .6  
m .y .  I t  i s ,  however ,  p o s s i b l e  t h a t  o t h e r  l e v e l s  of r e v e r s a l  i n  
t h e s e  i s l a n d s  have  no t  been  d e t e c t e d  and i t  i s  i m p o r t a n t  t o  n o t e  
t h a t  r a d i o g e n i c  age d e t e r m i n a t i o n s  and p a l a e o m a g n e x ic  m e a su re ­
m en ts  a r e  n e c e s s a r y  on t h e  same sam p les  i n  o r d e r  t o  s t r i c t l y  
d e f i n e  t h e  age  o f  e a c h  r e v e r s a l *
The work of  Cox e t  a l  (1963) and t h e  work p r e s e n t e d  
h e r e  s u g g e s t s  t h a t  r e v e r s a l s  o c c u r r e d  a t  0»99> 2 . 6 ,  2«9 and 3*1 
m . y . ,  b u t  more d e t a i l e d  work i s  e s s e n t i a l  t o  d e f i n e  t h e s e  l e v e l s  
more a c c u r a t e l y  and t o  d e t e r m i n e  i f  o t h e r  l e v e l s  e x i s t  d u r i n g  
t h i s  p e r io d *
The p r o l i f e r a t i o n  of  p o l a r i t y  zones  i n  t h e  Upper
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C a i n o z o i c  r a i s e s  s e v e r a l  p ro b le m s  i n  t h e i r  u s e  f o r  s t r a t i g r ­
a p h i c  c o r r e l a t i o n  as  t h e  age must be a l r e a d y  known w i t h i n  f a i r l y  
n a r ro w  l i m i t s  b e f o r e  more p r e c i s e  c o r r e l a t i o n  can be u n d e r t a k e n  
u s i n g  t h i s  method» However, i n  a r e a s  of a p p r o x i m a t e l y  c o n s t a n t  
r a t e s  o f  a c c u m u l a t i o n ,  i t  may be p o s s i b l e  t o  c o r r e l a t e  on t h e  
b a s i s  o f  t h e  i r r e g u l a r  p e r i o d i c i t y  of  zones  once t h e y  have been  
f i r m l y  e s t a b l i s h e d »
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Chapter 17
THE INTENSITY OF THE EARTH'S MAGNETIC FIELD 
IN THE LATE CAINOZOIC
17»1 Introduction
The methods by which it might be possible to determine 
the strength of the Earth's field during the geological past 
will not be examined and attempt made to determine the strength 
of the field during the Late Cainozoic»
In low fields, the intensity of TRM or PTRM is proport­
ional to the strength of the applied field, so that M = xH ; 
where M is the intensity of magnetization acquired by a rock of 
susceptibility x in a field H* Koenigsberger (1933) recognized 
that the ratio Q = m/ x H can be used to estimate the rate of 
decay of TRM if the field remains constant• Thellier (1938) 
showed that where the NRM of an igneous rock is stable, i •e • the 
Q ratio is the same for a whole suite of rock samples of the same 
age, then the field in which the TRM was originally acquired 
can be determined from the relationship
M H .— nrm _ ancient
M, “ H — trm t rm
where M^ . is 'the intensity acquired when the rock is cooled from
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above  i t s  C u r i e  p o i n t  i n  a  f i e l d  H, , and M i s  t h e  i n t e n s i t yt r m  —nrm
of rem anen t  m a g n e t i z a t i o n  a c q u i r e d  i n  an unknown, f i e l d  ^ .j. •
The main p ro b le m  i n  s uch  a d e t e r m i n a t i o n  i s  t o  be s u r e  
t h a t  t h e r e  h a s  b e e n  l i t t l e  o r  no decay  o f  NRM s i n c e  i t s  a c q u i s ­
i t i o n ,  and t h a t  no c h e m i c a l - p h y s i c a l  changes  have t a k e n  p l a c e  
s i n c e  t h e  NRM was a c q u i r e d  o r  d u r i n g  l a b o r a t o r y  e x p e r i m e n t s *
In  o r d e r  t o  r e d u c e  t h e  e f f e c t s  of  decay  of  TRM and p h y s i c a l -  
c h e m ic a l  c h a n g e s ,  T h e l l i e r  and T h e l l i e r  (1959)  s u g g e s t  t h e  
a d o p t i o n  o f  t h r e e  c r i t e r i a *  (a)  T e m p e ra t u re  r a n g e s  below 100 
o r  180°C a r e  i g n o r e d  i n  b o th  t h e  NRM and TRM m easurem en ts -  The 
u s e  of  on ly  t h e  h i g h e r  t e m p e r a t u r e  r a n g e s  means t h a t  VRM and IRM 
s h o u l d  have l i t t l e  o r  no i n f l u e n c e  on t h e  NRM measured* (b)  The 
r e s u l t s  must be i n t e r n a l l y  c o n s i s t e n t ,  i* e*  t h e  a n c i e n t  f i e l d  
d e t e r m i n e d  must be t h e  same f o r  d i f f e r e n t  t e m p e r a t u r e  r a n g e s  
i n  t h e  same s p e c im e n ,  and (c)  a l s o  i n  d i f f e r e n t  r o c k s  o f  t h e  
same age*
17*2 D e s c r i p t i o n  of  R e s u l t s
S p ec im en s  were  chosen  f rom a l l  i s l a n d  g ro u p s  and 27
of  t h e s e  w ere  h e a t e d  t o  500°C*, and t h e i r  r e m a i n i n g  NRM was
o
measured* They w ere  t h e n  h e a t e d  t o  555 C* and t h e  r e m a i n i n g  
NRM d e t e r m i n e d  so t h a t  t h e  i n t e n s i t y  l o s t  ( o r  g a i n e d )  o v e r  t h e  
r a n g e  555-500°C* c o u l d  be c a l c u l a t e d *  The spe c im e n s  were  t h e n  
r e h e a t e d  t o  675 c* and c o o l e d  t o  room t e m p e r a t u r e  i n  ze ro  m a g n e t i c  
f i e l d ,  e x c e p t  o v e r  t h e  r a n g e  555-500°C*, where t h e  E a r t h ' s  f i e l d
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PACIFIC i'V'T-v'e10 *C. iW-Soo®c,.
0 - ^ O L .
Z o ° c . £ 2^c
H a w a i i
2 6 a  Hana N 1 2 «31 17*02 0*72 14*80 2 6 .7 1 0 . 5 5
28b Honomanu R 8 . 4 8 1 1 . 9 6 0 .7 1 0 . 8 0 2 2 . 0 3 0 . 0 4
64b West  M o lo k a i R 28 0 54 8*76 3*26 2*80 21 .97 0 . 1 3
85b N a p a l i N 2 2 .2 4 3*13 7*10 3*68 1 2 . 6 0 0 . 2 9
8 9 a  K o l o a R 17-57 29*71 0 . 5 9 7 . 1 2 1 7 . 8 5 0 . 4 0
108a  K oo la u R 3-8 7 5*30 0 . 7 3 0 .6 1 9*12 0 . 0 7
113b W aia na e R -  2 085 1 .02 - 2 . 8 8 10*15 0 . 2 8
124b W aia na e N 9*37 72*63 0 . 1 3 10o14 2 2 .1 1 0 . 4 6
T ah i t  i
73b  E x t r u s i v e N 4 *82 13*57 0 . 3 6 3*92 1 6 . 3 4 0 . 2 4
9 8 a  E x t r u s i v e N 8 . 8 8 10*58 0 . 8 3 6*95 27*61 0 . 2 5
B o r a B o r a
3 1 a  E x t r u s i v e (N) - O 034 6.41 - 2 0 . 3 7 19*15 1 . 0 6
7 a  E x t r u s i v e  N
R a r o t o n g a  (Cook I s l a n d s )
29*01 82*86 0 . 3 5 7*45 17*78 0 . 4 2
8 a I n t r u s i v e R 1 .00 5 «87 0 . 1 7 2 . 1 3 1 6 . 2 5 0 . 1 3
18b Q u a r r y  Rock R 0 . 0 6 0 . 2 0 0 . 3 0 0 . 0 2 0 .3 1 0 . 0 6
Samoa
2 7 a  Aopo 1905 N 14*06 8 . 5 0 1 .65 5*29 26*68 0 . 2 0
51a  Pago  e x t r a c a l d e r a R 1 . 4 8 1 *54 0 . 9 6 0 .5 1 5*46 0 . 0 9
8 4 a  F a g a l o a  Upolu ( n ) « 0 . 3 4 13*56 - 0 . 2 6 33*94 0 .0 1
87b F a g a l o a  Upolu (r ) 5*84 3*90 1 . 5 0 0 . 8 8 2 6 . 1 0 0 . 0 3
MARGINAL
Tonga
10b Hunga Tonga N 9 2 . 1 2 0*99 93*00 1 9 3 .3 3 1 2 . 3 0 15*72
New H e b r i d e s
14a  L o p e v i N 56*87 5 8 . 0 9 0 * 9 8 3.33 1 4 . 0 9 0 . 5 9
27a  Ambrym N 1 6 . 8 0 4*33 3*88 1 4 . 8 9 1 8 . 7 9 0 . 7 9
CONTINENTAL
F i j i
11b S a v u r a R 2 . 8 8 5*63 0 .5 1 0 . 5 5 9*65 0 . 0 6
116b Mba N - O .34 8 . 2 0 - 0 . 2 8 3*23 0 . 0 9
118b Mba R - 0 .0 1 0 .8 1 0 . 6 7 7 . 4 4 0 .0 1
New C a l e d o n i a
3 7 a  S e r p e n t i n e R 1 . 5 0 5*31 0 . 2 8 0 . 1 6 2 . 6 6 0 . 0 6
4 0 a  S e r p e n t i n e N 0 . 0 2 1 2 .41 0 .00 1 *37 4 . 4 4 0 . 3 1
8 3 a  P a l a e o g e n e  L a va N - 0  . 0 ' I 2 . 3 6 - 0 .0 1 1 *47 0 . 0 0
T a b l e  17-1 COMPARISON OF NRM» TRM and PTRM INTENSITIES
/ 3 - 3A ,B ,P ,Q  a r e  g i v e n  i n  e ° m . u . / c m  x 10
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at Canberra (0«59 oe*) was applied* Finally, after remeasurement, 
all specimens were again heated to 675°C* and allowed to cool to 
room temperature with the Earth's field applied over the full 
range* The intensities, and their ratios, are all given in 
Table 17-1 *
17*3 Discussion
It is clear that there is considerable non-systematic
variation in both ratios, and they cannot be relied on for
estimating the intensity of the Earth's field in the Cainozoic*
The wide disparity of the results seems more likely to reflect
instability of NRM and physical-chemical changes associated
with heating and cooling, e*g* the exsolution of ferromagnetic
minerals, such as titanomagnetite or chlorophaeite (Weaving 1962),
rather than to gross changes over brief periods of time of the
intensity of the field* The use of lower temperature ranges
may, however, yield more useful results as there is evidence
that most of the samples are, in fact, reasonably stable, and
the scatter of TRM,.,.,. directions (a = 7*0) is much greater555-500
than that of TRM,,_,_ (a = 1.8), which suggests that this range o (5-2U
is too close to the Curie point, and extraneous factors, other 
than the applied field, are affecting the specimens.
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C h a p t e r  18
SOME TECTONIC PROBLEMS IN THE PACIFIC
18.1 I n t r o d u c t i o n
In  t h i s  c h a p t e r  some of t h e  main f e a t u r e s  of  t h e  
P a c i f i c  B a s i n  w i l l  be d e s c r i b e d  and c e r t a i n  t e c t o n i c  h y p o t h e s e s  
o u t l i n e d *  P a l a e o m a g n e t i c  e v i d e n c e  i s  now a v a i l a b l e  f rom b o th  
t h e  m a rg i n s  and t h e  a c t u a l  P a c i f i c  B a s i n ,  bu t  i t  i s  p ro p o s e d  t o  
r e s t r i c t  t h e  d i s c u s s i o n  t o  t h e  c e n t r a l  B a s i n ,  bounded by t h e  
A n d e s i t e  L in e  (F ig»  1 - i ) ,  a s  t h e  p a l a e o m a g n e t i c  r e s u l t s  from 
t h e  m a r g i n a l  a r e a s  a r e  c o n s i d e r e d  t o  be  e i t h e r  t o o  u n r e l i a b l e  
( F i j i  and New C a l e d o n i a )  o r  t h e  r e s u l t s  a r e  few and c o v e r  t o o  
s m a l l  a  t i m e  s pan  f o r  l o n g  p e r i o d  t e c t o n i c s  t o  be d i s t i n g u i s h e d  
(New H e b r i d e s  and T o n g a ) .  The p a l a e o m a g n e t i c  e v i d e n c e  f rom 
t h e  P a c i f i c  B a s i n  t h r o w s  l i g h t  on two main t e c t o n i c  a s p e c t s : -
1) T here  h a s  b e e n  no d e t e c t a b l e  r o t a t i o n  e i t h e r  o f  
i n d i v i d u a l  i s l a n d s  o r  i s l a n d  g roups*  T h i s  i s  shown by t h e  
ag re e m e n t  of t h e  mean d i r e c t i o n s  of  b o th  i n d i v i d u a l  i s l a n d s
and t h e  g r o u p s  w i t h  an a x i a l  g e o c e n t r i c  d i p o l e  f i e l d  ( C h a p t e r  14) 
which  i s  i n  a g re e m e n t  w i t h  o t h e r  L a t e  C a i n o z o i c  da t a *
2) The H a w a i i a n  and Samoan I s l a n d s  show p a l a e o m a g n e t i c
322
1 8 .2
e v i d e n c e  o f  i n c r e a s i n g  age a l o n g  t h e  a r c s ,  f rom e a s t  t o  w es t  
i n  H a w a i i ,  and west  t o  e a s t  i n  Samoa.  T h i s  i s  c o n s i s t e n t  
w i t h  e a r l i e r  h y p o t h e s e s  (Chubb 1934,  1957) on t h e  age  r e l a t i o n ­
s h i p s  w i t h i n  i s l a n d  a r c s .
Some f e a t u r e s  o f  t h e  t o p o g r a p h y ,  c r u s t  and u p p e r  
m a n t l e  w i l l  be d e s c r i b e d  i n  o r d e r  t o  s e t  t h e  g e n e r a l  back ­
g round  i n  w hich  t h e  E a s t  P a c i f i c  R i s e  and i n t r a - P a c i f i c  i s l a n d  
a r c s  o c c u r .  T h e s e  l a s t  two f e a t u r e s  a r e  d e s c r i b e d  i n  some 
d e t a i l  i n  o r d e r  t o  c o n t r a s t  t h e i r  f e a t u r e s  and p r o b a b l e  
mode o f  o r i g i n ,  a l t h o u g h  t h e  p a l a e o m a g n e t i c  e v i d e n c e  r e l a t e s  
o n l y  t o  t h e  o r i g i n  o f  t h e  i s l a n d  a r c s .
1 8 . 2  The P a c i f i c  B a s i n
i>
The P a c i f i c  Ocean c o v e r s  some 178 x 10 s q .  k m s . ,  
w h ich  i s  a l m o s t  e x a c t l y  one t h i r d  of t h e  E a r t h ' s  s u r f a c e .
I t  i s  s u r r o u n d e d  by c o n c o r d a n t  g e o l o g i c a l  s t r u c t u r e s  which 
a r e  a s e r i e s  o f  i n t e r s e c t i n g  i s l a n d  a r c s  i n  t h e  n o r t h  and 
west ,  and m o u n ta in  c h a i n s  i n  t h e  e a s t .  These  i s l a n d  a r c s  
a r e  c h a r a c t e r i s e d  by b e l t s  of l a r g e  g r a v i t y  and m a g n e t i c  
a n o m a l i e s ,  and a r e  t h e  a r e a s  o f  s t r o n g ,  deep  s e i s m i c i t y  and 
v u l c a n i s m .  The whole b a s i n  a p p e a r s  t o  be s u r r o u n d e d  by 
t r a n s c u r r e n t  f a u l t s  i n  which  t h e  d i r e c t i o n  of  movement i s  
t h a t  which  would be p ro d u c e d  by an  a n t i - c l o c k w i s e  r o t a t i o n  
o f  t h e  P a c i f i c  B a s i n  r e l a t i v e  t o  t h e  c o n t i n e n t s  
1 9 5 8 ) .  In  c o n t r a s t ,  t h e  P a c i f i c  B a s i n  i t s e l f  a p p e a r s  t o  be
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almost completely aseismic, with very few volcanoes, and 
gravity and magnetic anomalies are very much smaller than 
those observed near the margins - it has, in fact, long been 
regarded as an extremely stable region of the crust. During 
the last two decades, the knowledge of the Pacific floor and 
crust has increased enormously, and although only some 10-15% 
of the sea floor has been mapped topographically, there is 
now considerable doubt as to the stability of the region over 
the last 10 m.y.
The ocean floor has an extremely rugged topography, 
the average relief being 350 m«, with only 10% of the surface 
showing smooth slopes. One fifth of this smooth area is 
close to the continents and the remainder is around groups of 
existing or drowned islands (Menard 1956). It is reasonable 
to suppose that these flat areas are due to sedimentary and 
volcanic deposition and that elsewhere the relief has been 
smoothed out by a blanket of sediment (Udintzev 1959)• The 
topography is arbitrarily divided into islands, atolls,
seamounts and guyots, whose relief exceeds 1,000 m., and
abyssal hills, the elevation of which is less than 1,000 m. The 
abyssal hills appear to have a random distribution, but the
seamounts, etc., appear to be clustered in approximately
linear groups of 10 - 100. It is estimated that between
5,000 and 10,000 of these high volcanic forms are present in
the Pacific (Menard in Report 1958)* Two guyots have been
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fo u n d  which  have Upper C r e t a c e o u s  f o s s i l s  upon t h e i r  e ro d e d  
s u r f a c e s  ( H a m i l t o n  1953) so t h a t  some o f  t h e  g u y o t s ,  a t  l e a s t ,  
a r e  p r e - U p p e r  C r e t a c e o u s  i n  age* These  f o s s i l s ,  however ,  a r e  
t h e  o l d e s t  o b s e r v e d  i n  t h e  whole P a c i f i c  B a s i n .
The a v e r a g e  s e c t i o n  shows many f e a t u r e s  i n  common w i th  o t h e r  
o c e a n i c  c r u s t s ,  b u t  t h e  t o t a l  t h i c k n e s s  i s  some 2 kms, g r e a t e r  
t h a n  t h e  a v e r a g e  A t l a n t i c  c r u s t ,  i . e • t h e  M o h o ro v ic ic  d i s ­
c o n t i n u i t y  i s  some 2 kms.  d e e p e r  i n  t h e  P a c i f i c  t h a n  o t h e r  
o c e a n i c  r e g i o n s  (W oo l la rd  and S t r a n g e  1962) and t h e r e  a r e  a l s o  
s l i g h t  d i f f e r e n c e s  i n  t h e  u p p e r  m a n t l e  s t r u c t u r e *  The low 
v e l o c i t y  l a y e r  i n  t h e  u p p e r  m a n t l e  ( G u te n b e rg  1948) i s  now 
w e l l  e s t a b l i s h e d  be tw ee n  60 and 150 kms. d e p t h  (Ewing e t  a l  
1962) bu t  t h e  s t u d y  of  R a l e i g h  Wave d i s p e r s i o n  (Aki and P r e s s  
1 9 6 l )  s u g g e s t s  t h a t  t h e r e  i s  a  h i g h e r  a v e r a g e  s h e a r  wave 
v e l o c i t y  i n  t h e  P a c i f i c  u p p e r  m a n t l e  t h a n  i n  e i t h e r  t h e
The P a c i f i c  c r u s t  shows " s u r p r i s i n g  s i m i l a r i t y ” 
( R a i t t  and S h o r  1.959) o v e r  a l l  i t s  a r e a  i f  r e g i o n s  of
anomolous  t o p o g r a p h y  a r e  a v o i d e d .  The t y p i c a l  c r u s t a l
s e c t i o n  b e i n g : -
C o m p o s i t i o n T h i c k n e s s  (kms)
Sea 5
6*8 km /sec  
8*1 km /sec M ant le
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I n d i a n  o r  A t l a n t i c  o c e a n s ,  e x c e p t  a lo n g  t h e  E a s t  P a c i f i c  R i s e  
( s e e  l a t e r )  w here  t h e  v e l o c i t i e s  a r e  com parab le*  T h i s  d i f f e r e n c e  
s u g g e s t s  t h a t  t h e  P a c i f i c  u p p e r  m a n t l e  i s  a t  a  s l i g h t l y  l o w e r  
t e m p e r a t u r e  t h a n  t h e  m a n t l e  u n d e r  o t h e r  o c e a n s .
The E a s t  P a c i f i c  R i s e  i s  g e n e r a l l y  r e g a r d e d  a s  a 
p a r t  o f  a  w o r l d - w i d e  p a t t e r n  of  m i d - o c e a n i c  r i s e s ,  and i t  i s  
c o n v e n i e n t  t o  d e s c r i b e  t h e  sy s tem  of m i d - o c e a n i c  r i s e s  a s  a 
whole.* p r i o r  t o  a  b r i e f  d e s c r i p t i o n  o f  t h e  r i s e  i n  t h e  P a c i f i c *
The main f e a t u r e  i s  t h e i r  g e o g r a p h i c a l  p o s i t i o n  a s  t h e y  l i e  
v e r y  c l o s e  t o  t h e  median  l i n e  b e tw ee n  t h e  n e i g h b o u r i n g  c o n t i n e n t s  
d e f i n e d  by t h e  1 , 0 0 0  m. d e p t h  c o n t o u r ,  and t h e y  a r e  p r e s e n t  i n  
t h e  A t l a n t i c ,  I n d i a n ,  A r c t i c  and P a c i f i c  O ceans ,  a l t h o u g h  
t h e  P a c i f i c  r i s e  i s  n o t  c e n t r a l .  The r i s e s  a r e  b ro a d ,  r a n g i n g  
f ro m  100 t o  1 , 0 0 0  kms. w id e ,  and a r e  a l l  l o c a l l y  o f f s e t  by 
t r a n s c u r r e n t  f a u l t s  which may i n c r e a s e  t h e i r  a p p a r e n t  w i d t h  t o  
2 ,000  kms. (H eezen  e t  a l  1 9 6 1 ) .  The Mid A t l a n t i c  R i s e  i s  t h e  
b e s t  docum ented  and t h i s  r i s e  w i l l  be t a k e n  as  t y p i c a l ,  e x c e p t  
f o r  t h e  P a c i f i c  e x am p le .  The o u t e r  s l o p e s  a r e  t e r r a c e d  b u t  
t o w a r d  t h e  c e n t r e  of  t h e  r i s e ,  t h e  t o p o g r a p h y  becomes v e r y  
r u g g e d  and i s  marked by a d i s c o n t i n u o u s  c e n t r a l  v a l l e y .  The 
f l o o r  of  th e  v a l l e y  i s  about  2 ,000  m* b e n e a t h  t h e  m oun ta in  
c r e s t s ,  and i s  some 15-50  kms.  wide* I t  a p p e a r s  t o  be n o r m a l l y ,  
i«e*  t e n s i o n a l l y ,  f a u l t e d  and marks t h e  o c c u r r e n c e  of  v o l c a n i c  
a c t i v i t y  and s h a l l o w  e a r t h q u a k e s .  The r i s e s  a p p e a r  t o  be
526
1 8 .2
composed p r e d o m i n a n t l y  o f  b a s a l t ,  w i t h  s e r p e n t i n e  and g ab b ro  
t h e  n e x t  commonest r o c k  t y p e s  (Shand 1949,  Ewing 1949,  Quon 
e t  a l  1963) • The s e d i m e n t a r y  c o v e r  n e a r  t h e  c e n t r e  i s  t h i n  
and d i s c o n t i n u o u s ,  a l t h o u g h  t h e  f l a n k s  have  q u i t e  t h i c k  
s e d i m e n t a r y  c o v e r s  (Ewing 1 9 4 9 ) •  M agne t ic  and g r a v i t y  
s u r v e y s  have shown some v a r i e t y  o v e r  t h e  r i s e ,  b u t  i n  g e n e r a l  
t h e  c e n t r a l  r e g i o n s  a r e  marked by p o s i t i v e  m a g n e t i c  a n o m a l i e s  
(T a lw a n i  e t  a l  1969,  Keen 1963) s u g g e s t i n g  a body o f  h ig h  
m a g n e t i c  s u s c e p t i b i l i t y  b e n e a t h  t h e  s u r f a c e ,  and t h e r e  a r e  
s m a l l ,  p o s i t i v e  f r e e - a i r  a n o m a l i e s  on t h e  f l a n k s ,  and s t r o n g e r  
a n o m a l i e s  o v e r  t h e  c e n t r a l  r i f t  i n d i c a t i n g  t h a t  t h e  c e n t r e  i s  
u n d e r c o m p e n s a t e d  a l t h o u g h  c l o s e  t o  r e g i o n a l  i s o s t a t i c  e q u i l ­
i b r i u m .  Hea t  f low  measurem en ts  ( B u l l a r d  1953,  Maxwell and 
H erzen  1959 ,  Nason and Lee 1962) show a b n o r m a l ly  h ig h  v a l u e s  
a l o n g  t h e  c e n t r a l  v a l l e y  (2 -8  x 10 / c a l / c m . 2/ s e c )  • S e i s m i c  
s u r v e y s  i n d i c a t e  t h a t  t h e  o c e a n i c  c r u s t  i s  g e n e r a l l y  t h i n n e r  
i n  t h e  r e g i o n  o f  t h e  r i s e s  and t h a t  t h e  s u b -M o h o ro v ic ic  v e l o c ­
i t i e s  a r e  l o w e r  t h a n  normal  (6 -7  km /sec  a s  compared w i th  
8 . 1  k m / s e c ) .  T h i s  has  been  i n t e r p r e t e d ,  w i t h  t h e  g r a v i t y  
e v i d e n c e ,  i n  t e r m s  o f  a low v e l o c i t y  r o o t  e x t e n d i n g  t o  some 
30 kms* d ep th*  However,  K o ry ak in  (1958) h a s  s u g g e s t e d  a r o o t  
down t o  15 -20  kms.  a s  s u f f i c i e n t ,  and T r y g g v a s s o n  (1962) s u g g e s t s  
a  d e p t h  o f  some 11-12  kms« b e n e a t h  I c e l a n d ,  which i s  c e n t r e d  
on t h e  Mid A t l a n t i c  Rise*  Ewing and Landisman  ( l 9 6 l )  s u g g e s t
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t h a t  the  o b served  sub-M ohorovic ic  v e l o c i t i e s  are  c o n s i s t e n t  
w ith  e i t h e r  a l i n e a r  e x t r a p o l a t i o n  o f  upper mantle v e l o c i t i e s  
or  a mixture  o f  mantle  and c r u s t a l  m a t e r i a l  i n  t h i s  r e g i o n .
The age of  t h e  r i s e  in  th e  A t l a n t i c  i s  not known, but con­
s o l i d a t e d  C a in o z o ic  l i m e s t o n e  has been rep or te d  ( T o l s t o y  and 
Ewing 1949) w h i l e  b a s a l t i c  samples ,  o b ta in ed  by d red g in g ,  
have been  r a d i o g e n i c a l l y  dated between 0 and 10 m.y.  near the  
c e n t r a l  r i f t ,  and 1 0 -15  m. y.  on t h e  f l a n k s  (Er ickson  1 9 6 l )  •
These d a t e s  s u g g e s t  t h a t  t h e  Mid A t l a n t i c  R ise  may be predom­
i n a n t l y  a C a in o z o ic  f e a t u r e  so  t h a t  t h e  t r a n s c u r r e n t  f a u l t s  
d i s p l a c i n g  i t  must be very young,  a l th ou gh  t h e y  are a s e i s m ic  
and are assumed i n a c t i v e  at p r e s e n t .
The East  P a c i f i c  R is e  (Menard I960)  i s  some 1 3 ,0 0 0  kms. 
l o n g ,  s t r e t c h i n g  from near New Zealand to  Mexico* I t  i s  between  
2 ,0 0 0  and 4 , 0 0 0  kms. wide and has a r e l i e f  o f  2 - 3 ,0 0 0  m. The 
r i s e  i s  b e l i e v e d  t o  pass  under Mexico,  th e  Colorado P l a t e a u ,  
t h e  B a s in  and Range P r o v i n c e ,  and th en  t o  con t in u e  through t h e  
Gulf o f  A lask a  i n  t h e  Ridge and Trough P r o v i n c e .  I t  commences 
a lo n g  t h e  median l i n e  between New Zealand and A n t a r c t i c a  but i s  
l a t e r a l l y  o f f s e t  by a s e r i e s  of ap p rox im ate ly  e a s t - w e s t  f r a c t u r e  
zones  w ith  which are  a s s o c i a t e d  some v o l c a n o e s ,  p a r t i c u l a r l y  
where th e  c e n t r e  o f  t h e  r i s e  i s  c r o s s e d .  S e i s m ic  surveys  
i n d i c a t e  t h a t  t h e  R is e  i s  a s s o c i a t e d  with  an upward bulge  o f  t h e  
m ant le  o -fa lower v e l o c i t y  (7 .5  km/sec)  than normal,  a lthough
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Menard ( i 9 6 0 )  s u g g e s t s  t h a t  t h e s e  low s u b -M o h o ro v ic ic  v e l o c i t i e s  
a r e  r e s t r i c t e d  t o  a s m a l l  r e g i o n  c l o s e  t o  t h e  c e n t r e  o f  t h e  R i s e .  
The o c e a n i c  c r u s t  a p p e a r s  t o  have  been  t h i n n e d  ove r  most o f  t h e  
R i s e  by a p p r o x i m a t e l y  1 km. High h e a t  f l o w s  and s h a l l o w  
s e i s m i c  a c t i v i t y  a r e  a s s o c i a t e d  w i t h  t h e  c e n t r e  of  t h e  R i s e ,  
bu t  t h i s  r e g i o n  has  no t o p o g r a p h i c  e x p r e s s i o n ,  i«e* t h e r e  i s  
no c e n t r a l  r i f t  v a l l e y ,  and t h e  t o p o g r a p h y  i s  much s m oo the r  
t h a n  t h e  u s u a l  o c e a n i c  f l o o r .  T h e re  i s  some e v i d e n c e  t h a t  t h e  
o u t e r  f l a n k s  of  t h e  r i s e  a r e  c h a r a c t e r i s e d  by lo w e r  h e a t  f l o w s  
t h a n  a v e r a g e ,  bu t  t h i s  i s  b a s e d  on o n ly  a few o b s e r v a t i o n s .
No m a g n e t i c  o r  g r a v i m e t r i c  s u r v e y s  have been  r e p o r t e d  on t h i s  
R i s e .  The s e d i m e n t a r y  r e c o r d  i s  p o o r ,  bu t  t h e r e  i s  e v i d e n c e  
of  c o n s i d e r a b l e  d i f f e r e n t i a l  v e r t i c a l  movement ( A r r h e n i u s  1952)  
and t h i s  i s  s u p p o r t e d  by t h e  p r e s e n c e  of many s m a l l  f l a n k i n g  
s c a r p s  (Koczy and B u r r i  1958)*
The f r a c t u r e  zones  c r o s s i n g  t h e  E a s t  P a c i f i c  R i s e  
a r e  a p p r o x i m a t e l y  p a r a l l e l  t o  a  s e r i e s  of  f o u r  q u i t e  w e l l  
docum ented  f a u l t s  (Mendocino,  M urray ,  C l a r i o n  and C l i p p e r t o n )  
i n  t h e  N o r th  E a s t  P a c i f i c .  T hese  zo n es  a r e  ab o u t  100 kms. wide 
and e x t e n d  i n  a  g e n e r a l  ENE-WSW d i r e c t i o n  f o r  s e v e r a l  1000 kms.  
C o m p a r i s o n  o f  t o p o g r a p h y  and m a g n e t i c  a n o m a l i e s  on e i t h e r  s i d e  
of t h e  f a u l t  z o n e s  i n d i c a t e s  t h a t  t h e r e  has  been  a l a t e r a l  d i s ­
p la c e m e n t  of  1^00 kms.  a l o n g  t h e  Mendocino f a u l t  ( V a c q u ie r  e t  
a l  1 9 6 1 ) .  The zones  a r e  marked by l o n g  s c a r p s ,  up t o  3 ,000  m. kigk,
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and numerous  s m a l l ,  p a r a l l e l  r i d g e s  and s c a r p s ,  and t h e s e  zones  
s e p a r a t e  l a r g e  a r e a s  o f  c r u s t  which  have been  v e r t i c a l l y  d i s ­
p l a c e d  by 1 km* M ino r  l i n e a t i o n s  and t h e  c o n s i s t e n c y  o f  mag­
n e t i c  a n o m a l i e s  i n d i c a t e  t h a t  t h e  s l a b s  of  c r u s t  be tw een  t h e  
zo n es  have not  b e e n  d i s t o r t e d  by t h e  f a u l t i n g .  The p r e s e n c e  
of  s i m i l a r  f a u l t  z o n e s  on t h e  E a s t  P a c i f i c  R i s e ,  t h e  Mid A t l a n t i c  
R i s e ,  and t h e  Mid I n d i a n  R i s e  i n d i c a t e s  t h a t  t h e r e  i s  a  g e n e t i c  
r e l a t i o n s h i p  b e t w e e n  t h e  two f e a t u r e s .  The f r a c t u r e  zones  
a p p e a r  t o  be a s e i s m i c ,  e x c e p t  where t h e y  i n t e r s e c t  t h e  median 
l i n e  o f  t h e  R i s e s .  The d i s p l a c e m e n t  must be younger  t h a n  t h e  
i n i t i a t i o n  o f  t h e  R i s e  as  t h e  s l o p e  o f  t h e  R i s e  i s  o f f s e t ,  bu t  
t h e  f a u l t s  c o u l d  have  been  p r e - e x i s t i n g  l i n e s  of  w eakness  w hich  
have been  r e j u v e n a t e d .  T h e re  i s  no im m e d i a t e l y  e v i d e n t  c o r r e l ­
a t i o n  w i t h  c o n t i n e n t a l  s t r u c t u r e s ,  b u t  where t h e y  im pinge  upon 
t h e  c o n t i n e n t s ,  t h e r e  a r e  somet im es  f a u l t s  i n  which t h e  s e n s e  
of  movement i s  o p p o s i t e  and much s m a l l e r  t h a n  t h a t  o b s e r v e d  on 
t h e  o c e a n i c  f l o o r .  The c o n t i n e n t a l  f r a c t u r e s  cu t  M esozo ic  
s t r u c t u r e s  and  t h i s  may s u g g e s t  t h a t  t h e  o c e a n i c  f a u l t s  a r e  a l s o  
p o s t  M e s o z o ic .  I s l a n d s  which a r e  n o t  a s s o c i a t e d  w i th  t h e  E a s t  
P a c i f i c  R i s e  f a l l  o n to  g e n t l y  c u r v i n g  a r c s  which  t r e n d  predom­
i n a n t l y  i n  a  WNW-ESE d i r e c t i o n .  The a r c s  a r e  up to  200 km s . 
w ide  and s t r e t c h  f o r  d i s t a n c e s  up t o  2 ,000  kms. The c o m p o s i t i o n  
of  t h e  i s l a n d s  i s  p r e d o m i n a n t l y  t h o l e i i t i c  b a s a l t  w hich  a p p e a r s  
t o  d i f f e r e n t i a t e  g i v i n g  r i s e  t o  l a t e  s t a g e  a l k a l i  b a s a l t s  -
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i n t e r m e d i a t e  members o f  t h e  d i f f e r e n t i a t i o n  sequence  a r e  r a r e *
The m a j o r i t y  of  t h e  i s l a n d s  show f e a t u r e s  which s u g g e s t  t h a t  
t h e i r  a g e s  i n c r e a s e  t o  t h e  w e s t ,  e x c e p t  i n  t h e  Samoan g r o u p ,  
where  t h e  age  i n c r e a s e s  t o  t h e  e a s t  (Chubb 1934,  1 9 5 7 ) .  The 
p a l a e o m a g n e t i c  e v i d e n c e  s u p p o r t s  t h i s  o b s e r v a t i o n  i n  t h e  
H a w a i ia n  and Samoan I s l a n d s .  The l a t e  s t a g e  a l k a l i  b a s a l t  
e r u p t i o n ,  how eve r ,  may t a k e  p l a c e  l o n g  a f t e r  e r u p t i o n  a p p e a r s  
t o  have c e a s e d  on an i s l a n d ,  and e r u p t i o n  may be c o n c u r r e n t  w i th  
t h o l e i i t i c  b a s a l t  e r u p t i o n  on y o u n g e r  i s l a n d s .  The d i s c o v e r y  
o f  l a r g e  numbers  o f  seam oun ts  and g u y o t s  c a s t s  d o u b t s  on any 
s i g n i f i c a n c e  of  t h e  t r e n d s  o b s e r v e d  i n  i s l a n d s  a l t h o u g h  t h e r e  
i s  a  t e n d e n c y  f o r  a  p red o m in a n t  WNW-ESE o r i e n t a t i o n .  The 
e x i s t e n c e  o f  f i v e  g u y o t s  i n  c l o s e  a s s o c i a t i o n  w i t h  much more 
r e c e n t  v o l c a n o e s  i n  t h e  A u s t r a l  g r o u p ,  and t h e  d i s t r i b u t i o n  of  
g u y o t s  of  d i f f e r e n t  h e i g h t s  i n  t h e  N ecker -M arcus  Ridge  i n d i c a t e  
t h a t  t h e  r u l e  of  i n c r e a s i n g  age a l o n g  an a r c  may not  a l w a y s  be 
s t r i c t l y  t r u e  as  c e r t a i n  a r c s  a p p e a r  t o  show two d i s t i n c t  p e r i o d s  
of  v u lc a n i s m *  a l t h o u g h  i t  i s  p o s s i b l e  t h a t  t h e  same r u l e  a p p l i e d  
a t  each  p e r i o d .
The most d e t a i l e d  s t u d i e s  of  t r u e  o c e a n i c  i s l a n d  a r c s  
have  been  made on t h e  H aw ai ian  a r c ,  but  e v i d e n c e  f rom  t h e  
C h r i s t m a s  I s l a n d  Ridge  (Mason 1963) and t h e  M i d - P a c i f i c  M o u n ta in s  
( H a m i l t o n  1956)  i n d i c a t e s  t h a t  t h i s  r i d g e  may be t a k e n  a s  t y p i c a l  
o f  a l l  o t h e r  r i d g e s  i n  t h e  P a c i f i c  B a s i n ,  e x c e p t  t h e  E a s t  P a c i f i c
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R is e *  The H a w a i i a n  R idge  c o n s i s t s  p r e d o m i n a n t l y  of  v o l c a n i c  
m a t e r i a l  o f  t h e  same t y p e  a s  t h a t  found  on t h e  i s l a n d s  (S h o r  
1958) . T h i s  p i l e  o f  v o l c a n i c  m a t t e r  has  d e p r e s s e d  t h e  c r u s t  
by some 5 kms,  b u t  a l t h o u g h  t h e  i n d i v i d u a l  i s l a n d s  a r e  n o t  i n  
i s o s t a t i c  e q u i l i b r i u m ,  t h e  whole a r c  i s  i n  r e g i o n a l  e q u i l i b r i u m *  
T h i s  i s  r e f l e c t e d  i n  t h e  s e a  b ed ,  a s  t h e  s e a  f l o o r  i s  s l i g h t l y  
d e p r e s s e d  a ro u n d  t h e  i s l a n d s  f o r m i n g  t h e  ' m o a t ' ,  and t h i s  i s  
s u r r o u n d e d  by a s l i g h t  s w e l l .  T h e re  i s  e v i d e n c e  o f  f a u l t i n g  
p a r a l l e l  t o  t h e  a r c ,  which  may a c c o u n t  f o r  t h e  a b s e n c e  of  t h e  
' m o a t '  i n  c e r t a i n  l o c a l i t i e s ,  out t h e s e  f a u l t s  a r e  not  t h o u g h t  
t o  c o n t r i b u t e  much t o  t h e  e l e v a t i o n  of t h e  a r c  (E a to n  and 
M u ra ta  I 9 6 0 ) .  The i n d i v i d u a l  v o l c a n o e s  o c c u r  a t  t h e  i n t e r ­
s e c t i o n  of t e c t o n i c  l i n e s ,  of which t h e  NW-SE and NE-SW t r e n d s  
a r e  p r e d o m i n a n t  (pow ers  191 6 ) •  The to p o g r a p h y  n e a r  Oahu 
i n d i c a t e s  t h a t  i m p o r t a n t  f a u l t  z o n e s ,  r u n n i n g  a p p r o x i m a t e l y  
e a s t - w e s t ,  p r o b a b l y  i n t e r s e c t  t h e  a r c  and may even  e x t e n d  as 
f a r  a s  t h e  C a l i f o r n i a n  c o a s t ,  bu t  t h e r e  i s  no e v i d e n c e  t o  i n d i c a t e  
t h i s  f a u l t  zone  on t h e  a c t u a l  a r c .  The magma a p p e a r s  t o  o r i g ­
i n a t e  f rom  a d e p t h  of  45 -60  kms• w i t h  each  v o lc a n o  t a p p i n g  a 
s e p a r a t e  magma cham ber ,  and each  v o lc a n o  e v o l v e s  t h r o u g h  a 
s e r i e s  of s t a g e s  ( T a b l e  4 -2 )  e nd ing  i n  a t o l l s  and g u y o t s .
W i l s o n  (1963a)  has  shown t h a t  a l l  o c e a n i c  i s l a n d s  
w hich  show r a i s e d  l i m e s t o n e  o c c u r  i n  one of  t h r e e  l o c a t i o n s  -  
( a )  on Mid O cean ic  R i s e s ,  (b)  w i t h i n  200-750 kms.  of  m a r g i n a l
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i s l a n d  a r c s ,  o r  (c)  a l o n g  a g r e a t  c i r c l e  p a s s i n g  f rom n e a r  t h e  
Samoan I s l a n d s  a s  f a r  a s  E a s t e r  I s l a n d .  The l a s t  l o c a t i o n  i s  
s u g g e s t e d  a s  a m a jo r  f a u l t  zone w i th  u p l i f t  a l o n g  i t .  T h i s  
s u g g e s t i o n  i s  s u p p o r t e d  by t h e  e v i d e n c e  o f  f a u l t i n g  a l o n g  t h e  
e x t r e m e  e a s t w a r d  e x t e n s i o n  of t h e  g r e a t  c i r c l e ,  i»e« p a s t  
E a s t e r  I s l a n d ,  and p o s s i b l y  by i t s  w es tw ard  c o n t i n u a t i o n  w hich  
would be a l o n g  t h e  A n d e s i t e  L in e  s t r e t c h i n g  f rom N. Tonga p a s t  
t h e  So lom ons .  H a l f  of  t h e  u p l i f t e d  i s l a n d s  a r e ,  however ,  i n  
t h e  Cook I s l a n d s ,  and may be due t o  a l o c a l ,  r e g i o n a l  e l e v a t i o n ,  
a l t h o u g h  t h e  c r i t e r i o n  u s e d  f o r  i d e n t i f i c a t i o n  of r a i s e d  i s l a n d s  
r a i s e s  some d o u b t s  -  i f  o l d  s e a  c l i f f s  and r a i s e d  b e a c h e s  a r e  
u s e d  t o  i n d i c a t e  u p l i f t ,  t h e n  most  of  t h e  H aw ai ian  I s l a n d s  would 
a l s o  come i n t o  t h i s  c a t e g o r y .
1 8 .3  Some H y p o th e s e s
The r o t a t i o n  o f  t h e  P a c i f i c  B a s i n ,  a s  i n d i c a t e d  by 
t h e  t r a n s c u r r e n t  f a u l t i n g  a round  i t s  m a rg in ,  i s  not  r e f l e c t e d  
i n  t h e  p a l a e o m a g n e t i c  r e s u l t s ,  which i n  Hawai i  co v e r  t h e  l a s t  
5 m .y .  However,  t h e  p o s s i b i l i t y  o f  c o n t i n e n t a l  movement r e l a t i v e  
t o  t h e  P a c i f i c  has  no t  b e e n  t e s t e d .
T h e r e  i s  g e n e r a l  ag reem en t  (Menard I9 6 0 ,  Hess 1959,  
W i l s o n  1961,  Heezen  I 9 6 0 ,  Runcorn  1962) t h a t  t h e  Mid O c ean ic  
R i s e s  a r e  t h e  r e s u l t  of  r i s i n g  c o n v e c t i o n  c u r r e n t s  as  t h i s  
a p p e a r s  t o  be t h e  o n l y  h y p o t h e s i s  which  a c c o u n t s  f o r  t h e  main 
c h a r a c t e r i s t i c s  of  t h e  R i s e s .  Hess  (1959) a c c e p t s  t h a t  t h e
333
1 8 .3
h ig h  h e a t  f l o w s  r e q u i r e  more h e a t  t o  be s u p p l i e d  t h a n  t h a t  
which would a r i s e  f rom t h e  e x o t h e r m i c  r e a c t i o n  of p e r i d o t i t e  
w i t h  r i s i n g  j u v e n i l e  w a t e r  t o  form s e r p e n t i n e ,  a l t h o u g h  he 
c o n s i d e r s  t h a t  t h i s  r e a c t i o n  s u p p le m e n t s  t h e  h e a t  f lo w  f rom 
t h e  c o n v e c t i o n  c u r r e n t  and a c c o u n t s  f o r  t h e  p r e s e n c e  of  
s e r p e n t i n e  a l o n g  r i s e s  c h a r a c t e r i s e d  by a c e n t r a l  r i f t  
v a l l e y .  There  i s  some d i s a g r e e m e n t ,  however ,  on t h e  e x t e n t  
o f  t h e  c u r r e n t s  a s s o c i a t e d  w i t h  t h e  E as t  P a c i f i c  R i s e  i n  
p a r t i c u l a r .  The e x t e n t  of  t h e  h o r i z o n t a l  c u r r e n t  a p p e a r s  
t o  depend on t h e  a u t h o r ' s  h y p o t h e s i s  f o r  t h e  o r i g i n  of  t h e  
H a w a i ia n  a r c  ( s e e  l a t e r )  -  i f  upward c o n v e c t i o n  i s  i n v o k e d ,  
t h e n  t h i s  i m p l i e s  t h a t  t h e r e  must be e i t h e r  a downward c u r r e n t  
b e tw ee n  t h e  H aw ai ian  Ridge  and t h e  E a s t  P a c i f i c  R i s e  or  t h e s e  
two c u r r e n t s  must c o a l e s c e  and p r o b a b l y  change  d i r e c t i o n  f a i r l y  
a b r u p t l y .  I t  seems r e a s o n a b l e  however ,  t h a t  i f  t h e  N-E* P a c i f i c  
f r a c t u r e  zones  a r e  c au s ed  by d i f f e r e n t  r a t e s  o f  f l o w  of c u r r e n t s  
l e a v i n g  t h e  E a s t  P a c i f i c  R i s e  (Menard I9 6 0 ,  D e i t z  1961abc)  t h e  
t h e  c u r r e n t s  must e x t e n d  h o r i z o n t a l l y  f o r  a lm o s t  t h e  c o m p le te  
l e n g t h  of t h e  f r a c t u r e  z o n e s .  I f  t h e  e a s t - w e s t  f r a c t u r e s  
r e c e n t l y  d i s c o v e r e d  n e a r  Hawaii  (E ck h o f f  and W i lkes  1963) do 
c o n n e c t  w i th  C a l i f o r n i a ,  t h e n  t h e  c u r r e n t s  must e x t e n d  a t  l e a s t  
a s  f a r  as  H a w a i i .  There  i s  a l s o  d i s a g r e e m e n t  on t h e  d e p t h  of  
t h e  h o r i z o n t a l  c u r r e n t s ,  most p e o p l e  s u g g e s t i n g  t h a t  t h e y  o p e r a t e  
j u s t  below t h e  M ohorov ic ic  d i s c o n t i n u i t y ,  a l t  hough D i e t z  ( l 9 6 1 b )
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s u g g e s t s  t h a t  t h e y  c an  p e n e t r a t e  t h e  d i s c o n t i n u i t y  bu t  B e r n a l  
( l 9 6 l )  s u g g e s t s  h o r i z o n t a l  f low  at a d e p t h  of  1 ,0 0 0  kms.
D i e t z ' s  h y p o t h e s i s  seems u n l i k e l y  on e n e r g y  r e q u i r e m e n t s ,  and 
B e r n a l ' s  h y p o t h e s i s  makes i t  d i f f i c u l t  t o  a c c o u n t  f o r  t h e  
t h i n n i n g  o f  t h e  c r u s t  o v e r  t h e  R i s e ,  u n l e s s  p l a s t i c  f low o c c u r s  
w i t h i n  t h e  c r u s t ,  and ,  by i m p l i c a t i o n ,  f r a c t u r e  zones  must 
e x t e n d  some 1 ,0 0 0  kms.  w i t h  t h e  E a r t h  i n  which  c a s e  l a r g e  
am ounts  of  magma would be r e l e a s e d ,  and y e t  t h e r e  i s  no marked 
v u l c a n i c t y .
The o r i g i n  o f  i s l a n d  a r c s  w i t h i n  t h e  P a c i f i c  B a s i n  
i s  t h e  s u b j e c t  of numerous h y p o t h e s e s ,  o f  which two t y p e s  a r e  
p r e v a l e n t  -  c o n v e c t i o n  c u r r e n t s  and t r a n s c u r r e n t  f a u l t i n g .
I t  i s  g e n e r a l l y  a g r e e d  t h a t  a  downward c u r r e n t  d o es  not  a c c o u n t
1 /
f o r  t h e  f e a t u r e s  of  any a r c  w i t h i n  t h e  P a c i f i c  B a s i n .  Convec­
t i o n  c u r r e n t  h y p o t h e s e s  e n v i s a g e  a r i s i n g  c o n v e c t i o n  c u r r e n t  
b e n e a t h  t h e  H aw a i ia n  Ridge ,  and p r e s u m a b l y ,  b e n e a t h  a l l  o t h e r  
a c t i v e  r i d g e s  such  as  Samoa, and t h e  S o c i e t y  I s l a n d s  (which have  
o n ly  c e a s e d  a c t i v i t y  v e ry  r e c e n t l y ) .  These  c u r r e n t s  i n c r e a s e  
t h e  t e m p e r a t u r e  a t  t h e  t o p  of  t h e  m a n t l e  and b a s a l t i c  magma 
a r i s e s  by p a r t i a l  m e l t i n g  o f  t h e  m a n t l e  m a t e r i a l .  T h i s  magma 
r i s e s  t o  t h e  s u r f a c e  a l o n g  t e n s i o n a l  f r a c t u r e s  c a u s e d  by t h e  
h o r i z o n t a l  s p r e a d i n g  out  of  t h e  c o n v e c t i o n  c u r r e n t  i n t o  o p p o s i t e  
d i r e c t i o n s  of  f l o w .  However,  few of t h e  c h a r a c t e r i s t i c s  of 
Mid O cean ic  R i s e s  a r e  p r e s e n t  -  t h e r e  i s  no e v i d e n c e  of
335
18 .3
c r u s t a l  t h i n n i n g ,  no o b v io u s  c e n t r a l  t e n s i o n a l  f e a t u r e s  and 
t h e  r i d g e s  a r e  v e r y  much n a r r o w e r ,  so t h a t  a  c o n v e c t i o n  c u r r e n t  
o r i g i n  i s  l e s s  l i k e l y  t h a n  f o r  t h e  Mid Ocean ic  R i s e s *  U n f o r t ­
u n a t e l y ,  t h e r e  a r e  no h e a t  f low  m e asurem en ts  on t h e s e  a r c s ,  
t o  t h e  b e s t  o f  my knowledge  -  t h e s e  would p r o v i d e  a c r i t i c a l  
t e s t  o f  t h i s  h y p o t h e s i s .
U n t i l  r e c e n t l y ,  t h e r e  have been  o n ly  a few l a r g e  
s c a l e  t r a n s c u r r e n t  f a u l t s  i d e n t i f i e d  on t h e  c o n t i n e n t s ,  and  t h e  
i d e a  of  l a r g e  s c a l e  t r a n s c u r r e n t  f a u l t i n g  i n  t h e  s o - c a l l e d  
' s t a b l e '  o c e a n i c  b a s i n s  seemed u n l i k e l y .  The d i s c o v e r y  of  
f r a c t u r e  z o n e s ,  show ing  v e r y  l a r g e  h o r i z o n t a l  d i s p l a c e m e n t s ,  
i n  t h e  N or th  E a s t  P a c i f i c  h a s  shown t h a t  such s t r u c t u r e s  a r e  
p o s s i b l e  and has  renew ed  i n t e r e s t  i n  t h i s  h y p o t h e s i s  a s  i t  
e x p l a i n s  t h e  n a r r o w n e s s  and s t r a i g h t n e s s  o f  t h e  i s l a n d  a r c s  
w i t h  t h e  i s l a n d s  b e i n g  formed  by t h e  e r u p t i o n  of  magma g e n e r a t e d  
by p a r t i a l  m e l t i n g  i n  t h e  u p p e r  m a n t l e  a s  t h e  p r e s s u r e  i s  
r e d u c e d  i n  t e n s i o n a l  a r e a s  a l o n g  t h e  f a u l t .  The s u b s e q u e n t  
l o a d i n g  o f  t h e  c r u s t  c a u s e s  a r e g i o n a l  downwarp,  and t h e  r e t u r n  
t o  l o c a l  i s o s t a t i c  e q u i l i b r i u m  a c c o u n t s  f o r  t h e  e v i d e n c e  o f  
s i n k i n g  a f t e r  t h e  c e s s a t i o n  o f  v o l c a n i c  a c t i v i t y *  However,  
t r a n s c u r r e n t  f a u l t s  a r e  not  g e n e r a l l y  t h e  l o c u s  of  v u l c a n i c i t y  
u n l e s s  t h e  f a u l t  i s  complex and t h e  movements on each  s i d e  a r e  
s e p a r a t e d  by a zone i n  w h ich  a r e a s  o f  t e n s i o n  and c o m p re s s io n  
o c c u r  (B e tz  and Hess  1 9 4 2 ) .  However,  su ch  a d i s t r i b u t i o n  of
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f o r c e s  would  p r o b a b l y  g i v e  r i s e  t o  l o c a l  r o t a t i o n s  w i t h i n  t h e  
i s l a n d  a r c s  and t h e r e  i s  no e v i d e n c e  f o r  t h i s  i n  t h e  pa l a e o m a g -  
n e t i c  r e s u l t s  p r e s e n t e d  he re*
One o f  t h e  main o b j e c t i o n s  t o  b o t h  h y p o t h e s e s  i s  t h a t  
n e i t h e r  a c c o u n t  f o r  t h e  t r e n d  i n  ages  a l o n g  t h e  a r c s *  Both  
h y p o t h e s e s  would be e x p e c t e d  t o  g i v e  e s s e n t i a l l y  c o n te m p o ra n e o u s  
v u l c a n i s m  a l o n g  t h e  whole r i d g e *  W i l s o n  ( l 9 6 3 b )  has  s u g g e s t e d  
t h a t  t h e  a r c s  a r e  c a u s e d  by a  movement of  t h e  o c e a n i c  c r u s t  o v e r  
a r e g i o n  of  r i s i n g  magma, so t h a t  a s  t h e  v o lc a n o  d e v e l o p s  i t  i s  
s l o w l y  b e i n g  d r a g g e d  o f f  t h e  c e n t r e  of r i s i n g  magma^then a c t i v i t y  
c e a s e s  and recommences i n  a new a r e a  of  c r u s t  o v e r l y i n g  t h e  
a c t i v e  magma* The v o l c a n o e s  a r e  supposed  t o  be moved by h o r i ­
z o n t a l  c o n v e c t i o n  c u r r e n t s  away f rom  t h e  E a s t  P a c i f i c  R i s e ,  
which  d e s c e n d  a t  t h e  m a r g i n a l  i s l a n d  a r c s  in  t h e  n o r t h  and w es t  
P a c i f i c *  One of t h e  main o b j e c t i o n s  t o  t h i s  h y p o t h e s i s  i s  t h e  
volume of m a t e r i a l  w h ich  must be e r u p t e d  f rom t h e  same s o u rc e *  
Mauna Loa,  a l o n e ,  i s  e s t i m a t e d  t o  be formed o f  o v e r  4 0 ,0 0 0  km3* 
o f  v o l c a n i c  m a t e r i a l  ( E a t o i r v a n d  M ura ta  I960 )  and t h i s  does  not  
fo rm  t h e  whole  of  one i s l a n d *  A c o n s e r v a t i v e  e s t i m a t e  o f  t h e  
volume o f  v o l c a n i c  m a t e r i a l  i n  t h e  whole H aw a i ia n  a r c  would be
(, 3
2 x 10 kms , w h ich  i s  d i f f i c u l t  t o  im ag ine  coming from a s i n g l e  
s o u r c e  u n l e s s  t h a t  s o u r c e  i s  f e d  by a  c o n v e c t i o n  c u r r e n t .
I t  i s  v e r y  d i f f i c u l t  t o  e n v i s a g e  t h e  mechanism by 
w hich  magma i s  p ro d u c e d  t o  form t h e  a r c s  so t h a t  t h e  o b s e r v e d
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f e a t u r e s ,  i n  p a r t i c u l a r  t h e  age s t r u c t u r e  and l a c k  of r o t a t i o n ,  
a r e  e x p l a i n e d .  Some h y p o t h e s i s  by which a n c i e n t  f a u l t s  a r e  
opened g r a d u a l l y  seems t h e  most l i k e l y *  One p o s s i b i l i t y  i s  t h a t  
once  a v o l c a n o  has  formed on t h e  o cea n  f l o o r ,  i t  e x e r t s  f o r c e s  
i n  i t s  im m ed ia te  v i c i n i t y .  I f  t h e r e  i s  a p r e - e x i s t i n g  l i n e  of 
w eakness ,  t h i s  may be opened and p r e s s u r e  r e l e a s e d  i n  t h e  u p p e r  
m a n t le  so t h a t  magma r i s e s  t h r o u g h  t h e  f i s s u r e .  T h i s  v o l c a n o ,  
i n  t u r n ,  opens  t h e  f r a c t u r e  a l i t t l e  f u r t h e r  a l o n g ,  r e l e a s e s  
p r e s s u r e ,  e t c .  A c t i v i t y  would c e a s e  when e i t h e r  t h e  magma 
m e l t  i s  e x h a u s t e d ,  o r  when t h e  l o a d i n g  on t h e  c r u s t  c l o s e s  t h e  
f i s s u r e  and i n c r e a s e s  t h e  u p p e r  m a n t l e  p r e s s u r e  so t h a t  t h e  m e l t  
r e s o l i d i f i e s .  However, t h e r e  a r e  a l s o  many o b j e c t i v e s  t o  t h i s  
h y p o t h e s i s ,  f o r  example i t  would be e x p e c t e d  t h a t  t h e  f r a c t u r e  
would open i n  o p p o s i t e  d i r e c t i o n s  g i v i n g  a  d e c r e a s e  i n  age 
f rom t h e  c e n t r e  o f  t h e  r i d g e ,  not  f rom one end .
18«4 C o n c l u d in g  Remarks
The p a l a e o m a g n e t i c  e v i d e n c e  s e r v e s  t o  put  l i m i t s  on 
c e r t a i n  t e c t o n i c  h y p o t h e s e s ,  p a r t i c u l a r l y  i n  d e t e c t i n g  r o t a t i o n s ,  
and i t  a l s o  a l l o w s  more p r e c i s e  a b s o l u t e  d a t i n g  i f  t h e  a p p r o x i m a t e  
age i s  known, o r  r e l a t i v e  d a t i n g  w i t h i n  t h e  same a r e a  i f  more t h a n  
one p o l a r i t y  zone i s  p r e s e n t .  These  t e c h n i q u e s  have been  u s e d  
i n  t h e  P a c i f i c ,  bu t  on a  r e c o n n a i s s a n c e  s u r v e y  t h e  e v i d e n c e  i s : 
much l e s s  p r e c i s e  t h a n  o u l d  be o b t a i n e d  f rom a d e t a i l e d  s t u d y .  
However,  t h e r e  i s  no i n d i c a t i o n  o f  r o t a t i o n s ,  which  would  be
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e x p e c t e d  i n  i s l a n d s  a s s o c i a t e d  w i t h  t r a n s c u r r e n t  f a u l t i n g ,  and 
t h e  age ,  e s t i m a t e d  f rom  t h e  p a l a e o m a g n e t i c  d a t a ,  i s  c o n s i s t e n t  
w i t h  t h e  g e o l o g i c a l  e s t i m a t e s  of  d i f f e r i n g  a g e s  a l o n g  i s l a n d  a r c s  
w i t h i n  t h e  P a c i f i c  B a s i n .
Only  one h y p o t h e s i s  (W ilson  1963b) a t t e m p t s  t o  e x p l a i n  
t h e  age r e l a t i o n s h i p s .  T h i s  h y p o t h e s i s  i n v o l v e s  t r a n s l a t i o n  
o f  i s l a n d s  o v e r  some t h o u s a n d s  o f  k i l o m e t e r s .  Most i s l a n d  
a r c s  a r e  a l i g n e d  a p p r o x i m a t e l y  e a s t - w e s t ,  and t r a n s l a t i o n  i n  t h i s  
d i r e c t i o n  would not  be d e t e c t a b l e  p a l a e o m a g n e t i c a l l y  ( S e c t i o n  1 . 2 ) »  
I t  w ou ld ,  how ever ,  be p o s s i b l e  t o  t e s t  t h i s  h y p o t h e s i s  i n  i s l a n d s  
a l i g n e d  n o r t h - s o u t h *  The Em peror  Seam ounts ,  t h e  G i l b e r t  and 
E l l i c e  I s l a n d s ,  t h e  L in e  I s l a n d s  o r  th e  w e s t e r n  end of t h e  
H aw ai ian  C h a in  i n  t h e  P a c i f i c ,  t h e  K e r g u e l e n - G a u s s b e r g  R idge  in  
t h e  S o u t h e r n  Ocean ,  t h e  L a c c a d i v e  Chagos R idge  i n  t h e  I n d i a n  
Ocean and t h e  W a l v i s  R idge  i n  t h e  A t l a n t i c  would  a l l  be a r e a s  
where  movements o f  t h i s  k i n d  c o u l d  be d e t e c t e d  p a l a e o m a g n e t i c a l l y » 
Many o f  t h e  v o l c a n i c  o u t c r o p s  i n  t h e s e  a r e a s  a r e  submerged ,  bu t  
d r i l l  c o r e s  would  be a d e q u a t e  t o  t e s t  t h i s  h y p o t h e s i s  a s  changes  
i n  l a t i t u d e  a r e  d e t e c t a b l e  f rom  changes  i n  i n c l i n a t i o n .
T h e r e  i s  no d e t e c t a b l e  r o t a t i o n  o f  any of  t h e  i s l a n d s  
o r  i s l a n d  g r o u p s ,  bu t  more d e t a i l e d  work i s  r e q u i r e d  t o  d e t e r m i n e  
i f  s m a l l  s c a l e  r o t a t i o n s  have o c c u r r e d .
The a g e  d i s t r i b u t i o n  i n  t h e  S o c i e t y  and Cook I s l a n d s  
h a s  n o t  been  e s t a o l i s h e d  p a l a e o m a g n e t i c a l l y ,  and t h e  a g es  of
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v a r i o u s  i s l a n d s  i n  t h e  Cook Group would  be o f  p a r t i c u l a r  i n t e r e s t  
a s  t h e s e  may be some o f  t h e  o l d e s t  i n  t h e  P a c i f i c .
No a t t e m p t  has  been  made i n  t h i s  t h e s i s  t o  i n t e r p r e t  
p a l a e o m a g n e t i c  r e s u l t s  from t h e  P a c i f i c  m arg in  a s  t h e  s a m p le s  
o b t a i n e d  a r e  n o t  c o n s i d e r e d  r e l i a b l e  i n d i c a t o r s  of  p a s t  m a g n e t i c  
f i e l d s  i n  e i t h e r  F i j i  o r  New C a l e d o n i a ,  and sampl-es f rom Tonga 
and t h e  New H e b r id e s  a r e  t h o u g h t  t o  c o v e r  t o o  s h o r t  a t i m e  f o r  
g r a d u a l  movements t o  be d e t e c t e d *  However, t h e  d e t e r m i n a t i o n  
o f  r o t a t i o n s  and ages  i n  t h i s  r e g i o n ,  p a r t i c u l a r l y  i n  t h e  s o u t h ­
w es t  P a c i f i c ,  would be i n v a l u a b l e  i n  t e s t i n g  o r o g e n i c  and t e c t o n i c  
h y p o t h e s e s .
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Chapter 19
GENERAL CONCLUSIONS
Sampling techniques are discussed as most problems 
require more detailed collecting and analysis than has been 
possible on the reconnaissance methods used in this work»
Areas are delineated where further palaeomagnetic research 
can be expected to throw light on the hypotheses discussed 
in Chapters 14-18»
One of the main problems in this work is the 
determination of the reliability of a site direction» The 
main test used, internal consistency of sample directions 
after partial demagnetization in 150 oersteds (peak) alter­
nating magnetic, field, can only be applied where more than one 
sample is obtained. The intention had been to collect three 
samples from each site, but this proved impractical at many 
sites because:-
1) Recent flows are not exposed in section and although 
their upper surfaces may be very well exposed, flat surfaces 
are rare on both aa and pahoehoe flows, so it is difficult
341
19
t o  o r i e n t  a  sample  and even more d i f f i c u l t  t o  remove i t  f rom  
t h e  l a v a  by s t a n d a r d  hammer and c h i s e l  m e thods .
2) Many e x p o s u r e s  a r e  sm a l l  i s o l a t e d  o u t c r o p s  a l o n g  t h e  
r o a d s i d e ,  smooth rounded  o u t c r o p s  a l o n g  s t r e a m  b e d s ,  o r  i n  
s h e e r  c l i f f  w a l l s -  The f i r s t  two t y p e s  a r e  d i f f i c u l t  t o  
o r i e n t  and t h e  t h i r d  i s  m a in ly  i n a c c e s s i b l e *
3) V e s i c u l a r  f l o w s  a r e  common. These  a r e  d i f f i c u l t  
t o  o r i e n t  as  t h e  s u r f a c e  does  not  r e a d i l y  r e t a i n  m a r k i n g s ,  
and t h e  sam p le s  t e n d  t o  c r u s h  d u r i n g  t r a n s p o r t  a t  io n  o r  
removal  f rom t h e  l a v a  f l o w .
4 ) Columnar b a s a l t s  a r e  w e l l  exposed  on some i s l a n d s ,  
but  t h e  i n d i v i d u a l  r o c k  u n i t s ,  w i t h  an e x p o s u r e ,  a r e  t o o  
m a ss iv e  f o r  u se  as  s am p les  d i r e c t l y ,  and t e n d  t o  f r a c t u r e  
and s p l i n t e r  d u r i n g  r e m o v a l ,  o f t e n  w i t h  t h e  r e s u l t  t h a t  t h e  
o r i e n t e d  s u r f a c e  i s  l o s t  o r  t h e  f i n a l  sample  i s  t o o  s m a l l*
The use  of  e x p l o s i v e s  i s  n o t  t h o u g h t  p r a c t i c a b l e  
i n  view o f  t h e  r e g u l a t i o n s  abou t  t h e i r  u s e ,  and p a r t i c u l a r l y  
t h e i r  t r a n s p o r t a t i o n ,  so i t  i s  c o n c l u d e d  t h a t  d r i l l i n g  
t e c h n i q u e s  of  s a m p l in g  a r e  r e q u i r e d  i n  t h e s e  i s l a n d s .  T h e s e  
t e c h n i q u e s  would a l lo w  many more sam p les  t o  be o b t a i n e d  as  
f l a t  o r i e n t a b l e  s u r f a c e s  a r e  not  e s s e n t i a l ,  so t h r e e  sam p les  
o r  more c o u l d  be o b t a i n e d  w i t h i n  t h e  same f l o w ,  t h e  s p a c i n g  
be tween  them c o u ld  be e x a c t  (which  may be r e q u i r e d  i n  a s t u d y  
of  t h e  r a t e  of  s e c u l a r  v a r i a t i o n ,  see  b e l o w ) ,  and f u r t h e r m o r e
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t h e  e r r o r s  i n v o l v e d  i n  (a )  t r a n s f e r e n c e  of  o r i e n t a t i o n  m ark ings  
f ro m  s a m p le s  t o  sp e c im e n s  and (b)  s u b s e q u e n t  d r i l l i n g  e r r o r s  
due t o  movement o f  t h e  sam ple ,  w h i l e  d r i l l i n g  s pec im ens  f rom 
i t ,  would be e l i m i n a t e d ,  so t h a t  t h e  only  o r i e n t a t i o n  e r r o r s  
wou ld  be t h o s e  a s s o c i a t e d  w i t h  t h e  p r im a r y  o r i e n t a t i o n  i n  t h e  
f i e l d •
The b r o a d  ag reem en t  b e tw ee n  t h e  p a l a e o m a g n e t i c  
s c a t t e r  and t h a t  o f  t h e  p r e s e n t  E a r t h ' s  f i e l d  i s  t h o u g h t  t o  
c o n f i r m  t h e  p o s s i b i l i t y  of  t h e  u s e  o f  a n a l y s e s  of  pa laeom a g-  
n e t i c  s c a t t e r  a s  i n d i c e s  of  t h e  m agn i tude  of  s e c u l a r  v a r i a t i o n  
d u r i n g  g e o l o g i c a l  t i m e  and t h e  ag reem en t  a l s o  s u g g e s t s  t h a t  
t h e  m a g n i tu d e  of  s e c u l a r  v a r i a t i o n  i s  not  anomolous  i n  t h e  
P a c i f i c  r e g i o n  (when c o n s i d e r e d  o v e r  a l o n g  t i m e  p e r i o d ) .
F u r t h e r  work i n  Samoa, t h e  Cook I s l a n d s  and t h e  S o c i e t y  Group 
would be o f  p a r t i c u l a r  v a l u e  i n  t e s t i n g  t h e  m agn i tude  of t h e  
v a r i a t i o n  -  t h e  S o c i e t y  I s l a n d s  b e i n g  p a r t i c u l a r l y  u s e f u l  as  t h e  
NRM i n  t h e s e  i s l a n d s  a p p e a r s  t o  be v e ry  s t a b l e *  The p rob lem  of 
t h e  r a t e  of  s e c u l a r  v a r i a t i o n  c a n n o t  be a t t e m p t e d  w i th  t h e  
r e c o n n a s s a i n c e  s a m p l i n g  methods  u s e d  h e r e ,  bu t  t h e r e  a r e  two 
p o s s i b l e  ways i n  w h ich  t h i s  p ro b le m  c o u ld  be a t t e m p t e d .
l )  A t h i c k  c o n t i n u o u s  s e q u e n c e  of  l a v a s ,  w i t h  l i t t l e  o r  no 
b i e a k s  b e tw e e n  e r u p t i o n s ,  c o u l d  be sampled  i n  d e t a i l .  The 
c o m p le t e  s e q u e n c e  would c o v e r  a  t i m e  span  g r e a t e r  t h a n  t h e  
p e r i o d  of s e c u l a r  v a r i a t i o n  b u t  a d j o i n i n g  f l o w s  would c o v e r  a
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t i m e  span  l e s s  t h a n  t h a t  o f  s e c u l a r  v a r i a t i o n »  In  p r i n c i p l e ,  
i t  i s  t h e r e f o r e  p o s s i b l e  t o  p l o t  t h e  d i r e c t i o n ,  and t h e  numbers  
o f  o s c i l l a t i o n s  ab o u t  t h e  a x i a l  d i p o l e  f i e l d  d i r e c t i o n  w h ich  w i l l  
g i v e  t h e  minimum number o f  c y c l e s  o c c u r r i n g  w i t h i n  t h e  t i m e  o f  
a c c u m u l a t i o n  o f  t h e  whole sequence»  R a d i o g e n ic  d a t e s  c o u l d  
p r o v i d e  some e s t i m a t e  of  t h e  a c t u a l  t i m e  t h i s  in v o L v e s .  The 
p r e c i s i o n  of  su c h  an i n v e s t i g a t i o n  would not  be h ig h  due t o  t h e  
d i f f i c u l t y  i n  d i s s e c t i n g  t h e  s e c u l a r  v a r i a t i o n  c y c l e s  f rom t h e  
' n o i s e *  l e v e l  o f  s a m p l in g  and measurement  e r r o r s ,  and t h e  
a c c u r a c y  o f  r a d i o g e n i c  d a t i n g  i s  on ly  w i t h i n  t e r m s  o f  10*y e a r s ,  
bu t  t h e  o r d e r  o f  t h e  p e r i o d  c o u l d  be o b t a i n e d  by t h i s  means,  
and i n  a v e r y  t h i c k  s e q u e n c e ,  t h e  e s t i m a t e  can be e x p e c t e d  t o  
be c l o s e  t o  t h e  a c t u a l  p e r i o d  o f  s e c u l a r  v a r i a t i o n »
2) A d e t a i l e d  p a l a e o m a g n e t i c  o b s e r v a t i o n  a c r o s s  a  t h i c k  
i n t r u s i v e  body o f f e r s  a  f u r t h e r  e s t i m a t e  of  t h e  r a t e  o f  s e c u l a r  
v a r i a t i o n  ( J a e g e r  and Green  1956) as t h e  i s o t h e r m s  can be e x p e c t e d  
t o  move i n w a r d s  t o w a r d s  t h e  c e n t r e  of  t h e  body a t  a r a t e  s i m i l a r  
-to, o r  l e s s  t h a n ,  t h e  r a t e  of  s e c u l a r  v a r i a t i o n »  T he re  a r e  some 
d i f f i c u l t i e s  i n  e s t i m a t i n g  p r e c i s e l y  t h e  t i m e  t h e  whole body t o o k  
t o  c o o l  and i n  d i s s e c t i n g  t h e  v a r i a t i o n  o f  NRM d i r e c t i o n s  due t o  
measurement and c o l l e c t i n g  e r r o r s ,  bu t  t h i s  t e c h n i q u e  o f f e r s  a  
f u r t h e r  method by which t h e  o r d e r  of th e  phenomenon co u ld  be 
e s t i m a t e d .
Both  t e c h n i q u e s  r e q u i r e  v e r y  p r e c i s e ,  c o n t i n u o u s  s a m p l i n g
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as  ea c h  l a v a  o u t c r o p  must  be sampled  i n  t h e  l a v a  s e q u e n c e  and 
s a m p le s  must be o b t a i n e d  a t  many s i t e s ,  p r e f e r a b l y  e v e n l y  s p a c e d ,  
a c r o s s  an i n t r u s i v e »  (These  r e q u i r e m e n t s  a r e  most n e a r l y  met 
by d r i l l i n g  t e c h n i q u e s  of  s a m p l i n g ) .  Lava s e q u e n c e s  s u i t a b l e  
f o r  t h e  f i r s t  method a r e  p r e s e n t  i n  t h e  Haw ai ian  I s l a n d s  i n  
p a r t i c u l a r ,  a l t h o u g h  s i m i l a r  s e q u e n c e s  can be fo u n d  i n  most 
o t h e r  i g n e o u s  P a c i f i c  i s l a n d s .  However,  t h i c k  i n t r u s i v e  b o d i e s  
a r e  r a r e  and o n ly  two a r e  known t o  me on t h e  i s l a n d s  v i s i t e d  -  
B o ra  B o ra  ( S o c i e t y  I s . )  and R a r o t o n g a  (Cook I s . ) .
I t  i s  u n f o r t u n a t e  t h a t  t h e r e  i s  l i t t l e  c o r r e s p o n d e n c e  
b e tw e e n  t h e  H a w a i ia n  l a v a s  d a t e d  r a d i o g e n i c a l l y  and t h o s e  which 
have  been  m easu red  p a l a e o m a g n e t i c a l l y  a s  i t  means t h a t  t h e  ex a c t  
t i m e  o f  r e v e r s a l s  o f  t h e  E a r t h ' s  f i e l d  has  not  been  e s t a b l i s h e d  
v e r y  a c c u r a t e l y .  ouch  d a t i n g  would be o f  c o n s i d e r a b l e  i n t e r e s t  
i n  b o t h  t h e o r i e s  of  t h e  o r i g i n  o f  t h e  E a r t h ' s  f i e l d  and i n  
a t t e m p t e d  s t r a t i g r a p h i c  c o r r e l a t i o n .  The sequence  i n  Hawai i  
a p p e a r s  w e l l  s u i t e d  f o r  o b t a i n i n g  e s t i m a t e s  of  t h e  p e r i o d  of  
' n o r m a l '  and ' r e v e r s e d '  p o l a r i t i e s .
The d a t a  p r e s e n t e d  i n  t h i s  t h e s i s  i s  r e a s o n a b l y  con­
c l u s i v e  i n  showing t h a t  t h e  a v e r a g e  p a l a e o m a g n e t i c  f i e l d  i n  t h e  
L a t e  C a i n o z o i c  h a s  b e e n  t h a t  of  t h e  a x i a l  g e o c e n t r i c  d i p o l e « 
P a l a e o m a g n e t i c  o b s e r v a t i o n s  on o l d e r  r o c k s  i n  t h e  P a c i f i c  (e«g* 
Cook I s l a n d s ,  p a r t s  o f  t h e  S o c i e t y  I s l a n d s ,  t h e  o l d e r  H aw ai ian  
I s l a n d s )  would be o f  i n t e r e s t  t o  d e t e r m i n e  i f  t h e  d i s p l a c e m e n t
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o f  t h e  a v e r a g e  p a l a e o m a g n e t i c  p o l e  f rom t h e  g e o g r a p h i c  p o l e  i n  
t h e  M iddle  and E a r l y  C a i n o z o i c ,  c a l c u l a t e d  f rom c o n t i n e n t a l  
o b s e r v a t i o n s ,  i s  a l s o  d e t e c t a b l e  i n  t h e  o c e a n i c  a r e a s ,  i  • e • 
can  t h e  p o l a r  w a n d e r in g  c u r v e s  c a l c u l a t e d  f o r  each  c o n t i n e n t  
f o r  t h i s  p e r i o d  be due t o  movement o f  t h e  p a laeom a gne t  i c  a x i s  
r e l a t i v e  t o  t h e  s u r f a c e  of  t h e  E a r t h ,  o r  can i t  be e x p l a i n e d  by 
c o n t i n e n t a l  d i s p l a c e m e n t s  r e l a t i v e  t o  a p a l a eo m a g n e t  i c  a x i s  
w hich  r e m a i n s  i n  a  f i x e d  p o s i t i o n  r e l a t i v e  t o  t h e  p r e s e n t  
r o t a t i o n a l  a x i s -
The a g r e e m e n t  o f  t h e  P a c i f i c  d a t a  w i t h  t h a t  o f  t h e  
r e s t  o f  t h e  w o r l d  i n  showing a n  a x i a l  g e o c e n t r i c  d i p o l e  f i e l d  
d u r i n g  t h e  p e r i o d  s t u d i e d  i s  a l s o  c o n s i s t e n t  w i t h  t h e  view t h a t  
t h e  P a c i f i c  B a s i n  has  been  s t a b l e  i n  t h e  s e n s e  of  showing no 
r o t a t i o n  of  t h e  B a s i n  a s  a  whole  o r  of  i s l a n d s  w i t h i n  i t .  
However,  much more d a t a  i s  r e q u i r e d  t o  c o n f i r m  t h i s  s u g g e s t i o n ,  
and  a more d e t a i l e d  may a l s o  i n d i c a t e  i f  t h e r e  has  been  n o r t h -  
s o u t h  t r a n s l a t i o n .  F u r t h e r  p a l a e o m a g n e t i c  r e s u l t s  from t h e  
m a r g i n s  of  t h e  P a c i f i c ,  p a r t i c u l a r l y  i n  t h e  S o u th  West ,  would 
be o f  g r e a t  i n t e r e s t  i n  many o r o g e n i c  t h e o r i e s  a s  such  d a t a  
w ould  s e r v e  t o  p l a c e  l i m i t s  on t h e  p o s s i b l e  movements of  t h e  
i s l a n d  c h a i n s ;  t h e  e v i d e n c e  f rom  Tonga and t h e  New H e b r id e s  
s u g g e s t s  t h a t  t h e  r o c k s  a r e  s t a b l e ,  bu t  t h a t  any movements a r e  
n o t  d e t e c t a b l e  i n  t h e  P l e i s t o c e n e  r o c k s ,  and o l d e r  r o c k s  would 
have  t o  be  s t u d i e d  i n  an i n v e s t i g a t i o n  of  t e c t o n i c  movements.
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A l th o u g h  an  a t t e m p t  t o  e s t i m a t e  t h e  s t r e n g t h  o f  t h e  
E a r t h ' s  m a g n e t i c  f i e l d  i n  t h e  p a s t  was u n s u c c e s s f u l ,  f u r t h e r  work 
on t h e  s a m p l e s  a l r e a d y  c o l l e c t e d  may y i e l d  u s e f u l  i n f o r m a t i o n  on 
t h i s  p roblem« The sam p les  o b t a i n e d  a r e  o f  v a r y i n g  s t a b i l i t y  and 
much more d e t a i l e d  work i s  r e q u i r e d  b e f o r e  t h i s  p ro b le m  can  be 
a t t e m p t e d ,  b u t  a s t u d y  o f  NRM o v e r  h i g h  t e m p e r a t u r e  r a n g e s  
s h o u l d  a l l o w  an  e s t i m a t e  t o  be made of t h e  i n t e n s i t y  o f  t h e  p a s t  
f i e l d •
The H a w a i i a n  I s l a n d s  a r e  p e r h a p s  t h e  most p r o m i s i n g  
i s l a n d s  o f  t h e  a r e a s  sampled« The r o c k s  have  been  t h e  s u b j e c t  
of  more g e o l o g i c a l  work t h a n  any o t h e r  i s l a n d  g roup  and a r e c o r d  
i s  a v a i l a b l e  o v e r  t h e  l a s t  5-6  rn«y. The ro c k s  a r e  g e n e r a l l y  
w e l l  exposed  i n  s e c t i o n s  3 0 0 -1 ,0 0 0  m« t h i c k ,  which makes them 
i d e a l  f o r  a s t u d y  o f  t h e  r a t e  of  s e c u l a r  v a r i a t i o n  and p o l a r i t y  
d i s t r i b u t i o n «  The r o c k s  a r e  good f o r  p a l a e o m a g n e t i c  work,  b e i n g  
s t a b l e  and i s o t r o p i c ,  and t h e r e  can  be l i t t l e  doubt  t h a t  t h e  
s t a b l e  component of  NRM i s  of  TRM ty p e «
The S o c i e t y  I s l a n d s  pose  more p ro b lem s  t h a n  t h e y  answ er  
a s  t h e  r o c k s  a p p e a r  t o  be s t a b l e  y e t  t h e  NRM d i r e c t i o n s ,  even 
w i t h i n  t h e  same s i t e ,  a r e  w id e ly  s c a t t e r e d «  F u r t h e r  i n v e s t i g a t i o n  
o f  t h e s e  i s l a n d s  would  be o f  v a l u e  i n  d e t e r m i n i n g  t h e  cause  of  
t h i s  phenomenon« I f  i t  i s  due t o  t h e  r o c k s  h a v in g  a c q u i r e d  t h e i r  
NRM d u r i n g  a p e r i o d  of  c h a n g i n g  p o l a r i t y ,  t h e n  t h e  s tu d y  would 
be o f  v a l u e  i n  d e t e r m i n i n g  t h e  b e h a v i o u r  of  t h e  E a r t h ' s  f i e l d
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a t  t h a t  c r i t i c a l  t i m e ,  w h i l e  i f  o t h e r  mechanisms a r e  i n v o l v e d ,  
i t  would be i m p o r t a n t  t o  d e t e r m i n e  what  t h e s e  a r e  and  how th e y  
o p e r a t  e •
The Cook I s l a n d s  c o u l d  be  o f  c o n s i d e r a b l e  i n t e r e s t  as  
t h e i r  a g e s  a r e  t h o u g h t  to  be e a r l y  T e r t i a r y  o r  e a r l i e r  i n  s e v e r a l  
i s l a n d s -  The main p ro b lem ,  o t h e r  t h a n  a c c e s s ,  i s  t h e  p a u c i t y  of  
l i t e r a t u r e  c o n c e r n i n g  t h e i r  g e o l o g y .
The Samoan I s l a n d s  do n o t  have  r o c k s  o f  com parab le  
s t a b i l i t y  w i t h  t h e  H aw ai ian  o r  S o c i e t y  Groups ,  b u t  two d i s t i n c t  
p o l a r i t y  zones  a r e  w e l l  e s t a b l i s h e d  and f u r t h e r  work would  be 
v a l u a b l e  on t h e  a c t u a l  zone of  c h a n g i n g  p o l a r i t y .
The Tongan and New H e b r i d e a n  r o c k s  a p p e a r  t o  be 
s u i t a b l e  f o r  p a l a e o m a g n e t i c  p u r p o s e s  as  t h e y  a r e  s t a b l e ,  but  
t h e  Tongan  i s l a n d s  a r e  n o t  e a s i l y  a c c e s s i b l e ,  p a r t i c u l a r l y  t h e  
o l d e r  v o l c a n i c  i s l a n d s  which would  be  o f  t h e  most i n t e r e s t .
The New H e b r i d e a n  r o c k s  a r e  more a c c e s s i b l e  and t h e  f o s s i l  
d a t i n g  i s  of v a l u e  i n  t y i n g  down t h e  t i m e  s c a l e ,  bu t  t h e  g e o l ­
o g i c a l  i n f o r m a t i o n  i s  s t i l l  somewhat s c a n t y .
The New C a l e d o n ia n  and F i , j i a n  sam p les  a l l  show marked 
i n s t a b i l i t y ,  b u t  i n f o r m a t i o n  on t h e s e  i s l a n d s  would be of  c o n s i d ­
e r a b l e  i n t e r e s t .  The F i j i a n  i s l a n d s  a r e  i n  an  i m p o r t a n t  t e c t o n i c  
r e g i o n  and some o f  t h e  v o l c a n i c  i s l a n d s  -  t h e  Lau and Yasawa 
Groups -  l o o k  p r o m i s i n g  l o c a l i t i e s  where majo r  t e c t o n i c  movements 
may be  d e t e c t e d *  The New C a l e d o n i a n  r e g i o n  i s  of  i n t e r e s t  i n
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limiting the hypotheses regarding the origin of the Serpentine 
Complex, which would be of value both economically and acad­
emically*
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Appendix  1
LIST OP ABBREVIATIONS 
NOT IN COMMON USE
Pr
*
*/is
W
CRM
D
DRM
H
^max
IRM
k
K
M
M—maxm . y .
N
NRM
oe
P
PTRM
R
R
TRM
VRM
x
s e m i - v e r t i c a l  a n g l e  of  cone of  95% c o n f i d e n c e  ( F i s h e r  1953)
b e t w e e n - s i t e  e s t i m a t e  o f  p r e c i s i o n  (Watson and I r v i n g  1957)
r e l a x a t i o n  t i m e  (Neel  1955)
p a l a e o l a t i t u d e
c i r c u l a r  s t a n d a r d  d e v i a t i o n
w i t h i n - s i t e  e s t i m a t e  of  p r e c i s i o n  (Watson and I r v i n g  1957) 
c h e m i c a l  remanent  m a g n e t i z a t i o n  
d e c l i n a t .  i on
d e p o s i t i o n a l  remanent  m a g n e t i z a t i o n
m a g n e t i c  f i e l d  s t r e n g t h  ( o e r s t e d s )
c o e r c i v i t y  o f  maximum IRM ( o e r s t e d s )
f i e l d  r e q u i r e d  t o  p r o d u c e  M ( o e r s t e d s ), .  . . —maxm c l i n a t  io n
i s o t h e r m a l  r e m a n e n t  m a g n e t i z a t i o n
b e s t  e s t i m a t e  o f  p r e c i s i o n  ( d i r e c t i o n s ) ( F i s h e r  1953)
b e s t  e s t i m a t e  o f  p r e c i s i o n  ( p o l e s )  ( F i s h e r  1953)
i n t e n s i t y  (e»ra»u»/cm )
max» i r r e v e r s i b l e  i n t e n s i t y  of  IRM
m i l l i o n  y e a r s
n o r t h ;  n o rm a l ;  number of  o b s e r v a t i o n s ,  s a m p l e s ,  e t c »  
n a t u r a l  remanent  m a g n e t i z a t i o n  
o e r s t  eds  
p r o b a b i l i t y
p a r t i a l  the rm orem a nen t  m a g n e t i z a t i o n  
r e v e r s e d
r e s u l t a n t  v e c t o r  ( F i s h e r  1953) 
b l o c k i n g  t e m p e r a t u r e  (N ee l  1955)
th e rm o re m a n e n t  m a g n e t i z a t i o n  
v i s c o u s  rem anen t  m a g n e t i z a t i o n  
s u s c e p t i b i l i t y  (e^m.U ' /c m*)
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APPENDIX 2 (a )
ADEN -  SPECIMEN DATA
I n i t i a l  d a t a  only-
i n t e n s i t i e s  i n  e . m . u .  x 1 0 ~ ^ / c c *
S p ec .  No - M D I S p e c .  No. M D I
S i t e  1 - W. Gold Mohur S i t e  3 - E. Gold Mohur
(N 12w46 ' 30 M E M 59' ' 1 5 " ) (N 12^46 *31 ” E 4 4'J 5 9 ' 20")
1a1 2 .34 348 +23 7a1 5 .12 346 +17
1a2 3 . 1 2 357 +1 9 7b1 3 .80 351 +26
1b1 2.34 349 +32 7c1 7 -32 357 +11
1 b2 3 -78 357 + 23 8a1 2 .90 0 +25
2a1 3 . 4 9 331 +17 8a2 3 .53 0 + 24
2b1 1 .9 6 4 + 16 8b 1 2 .93 354 + 29
2b2 2 .6 6 353 + 1 9 8b2 2 .55 0 + 21
3a1 2 .7 9 354 +9 9a1 2 .56 7 + 23
3b1 3-32 354 + 13 9a2 4 . 1 9 357 +25
3b2 5-40 1 +30 9b1 4 . 1 2 358 + 25
3 d 5 * 21 351 +13 9c 1 3-76 358 +22
41 a1 1 .9 3 3 +19 37a1 3*46 347 +30
41 b1 1 .83 4 +17 37b1 3 .3 9 345 + 6
41 d 1 .41 358 +22 40a1 5.24 333 +3
53a1 2 .94 351 0 40b1 4 * 1 6 344 + 24
S i t e  2 - C e n t r a l Gold Mohur S i t e  4 - N.E.  Khusaf
(N 12^46 '3 2 "  E L1-4^59 *18") (N 1 2°4 6 '46"  E l^ 5U01 ' 24")
4a1 2 .74 34 6 +7 19a1 7 . 7 8 1 67 -1 7
4b1 2 .6 9 350 + 12 1 9b 1 8 .6 6 177 -1 6
4b2 3-38 344 + 14 1 9b2 11 .40 179 -14
5a1 2 .90 352 + 16 1 9c1 14 .95 188 -24
5b1 2 . 6 8 350 + 23 20a1 10 .72 186 -30
5b2 2 .8 5 352 +15 20b1 10 .85 180 -27
6a1 21 .51 333 +28 20c1 15 .40 179 -21
6a2 8 .2 9 331 + 28 21 a1 1 0 .1 6 170 -24
6b1 7 . 8 0 333 + 27 21 a2 16 95 1 68 -3 0
38a1 4 . 9 7 351 +22 21 b1 10-56 168 -24
38b1 3-45 345 +21 4 5a1 14 .25 1 65 -1 1
38c1 3*46 351 + 26 45b1 135.42 174 -1 3
4 2a1 1 .9 0 346 + 54 51 a1 8-00 182 -1 2
42b1 3-39 357 +4 5 51 a2 17 .2 0 182 - ^ 7
42c1 3-25 328 +26 51 b1 16-95 171 -30
362
S p e c .  No. M D I
S i t e  5 -  E . C e n t r a l  K h u s a f
(N 1 2 ° 4 6 ' 4 6 ” E 4 5 w0 1 121")
1 6a1 1 3 . 8 5 184 - 1 9
1 6b1 13 .9 1 174 - 1 9
1 6c1 1 8 . 8 0 175 - 1 7
17a1 1 5 . 2 8 172 - 1 6
17a2 1 9 . 1 0 172 - 2 0
17b1 1 6 .1 1 174 - 1 8
1 8a1 6 . 3 5 173 - 1 4
1 8b1 4 - 5 8 1 65 - 1 6
18b 2 5*28 1 61 - 1 7
1 8c1
00• 180 - 6 6
4 6a1 2 2 . 5 0 183 - 1 9
46b1 1 8 . 5 0 180 -11
4 6 c 1 1 8 . 0 2 182 - 1 5
47a1 1 6 . 2 8 171 - 1 2
47b1 1 5 . 3 5 173 -1
S i t e  6 - W. C e n t r a l  K h u s a f
(N 1 2 ° 4 6 ' 4 6 "  E 45 01 ■;24")
1 3a1 9 .2 1 181 - 2 4
1 3b1 9 . 4 5 177 - 1 6
1 3 d 1 6 . 1 0 172 - 2 2
14a1 9 . 0 6 170 - 3 4
14 a 2 1 3 . 6 4 176 - 3 6
14b1 8 . 9 6 167 - 3 8
1 4b2 1 3 . 2 0 176 - 4  6
1 5a1 3 . 6 5 182 - 2 2
1 5b1 3 . 8 4 171 -1 8
1 5b2 5 - 5 0 1 67 - 2 4
1 5c1 6 . 2 8 167 - 1 9
49a1 1 4 . 5 0 207 - 2 6
49b1 15 .51 211 - 3 0
50a1 1 .4 5 177 - 3 8
50b1 1 . 6 2 185 - 4 0
S i t e  7 - S .  West K husa f
(N 1 2 ° 4 6 ' 4 5 "  E 4 5 u01 '1 6 " )
10a1 3 . 3 7 184 - 2 5
10a2 1 . 9 8 175 - 2 7
1 Ob1 2 . 1 3 179 - 3 2
10b2 2 . 8 0 179 - 1 8
1 0c1 2.91 173 - 2 5
11 a1 2 . 0 0 173 -2 4
1 1b1 2 . 6 7 170 - 1 8
1 1 c 1 6 - 8 3 1 65 - 1 7
S p e c .  No. M D I
1 2a1 0 . 7 4 174 - 3 0
1 2a2 1 - 4 9 180 - 2 7
1 2b 1 1 . 1 9 181 - 3 5
39a1 2 - 3 9 1 69 - 2 0
39b1 2 .6 6 180 - 2 9
54 a1 2 . 6 8 1 67 - 1 5
S i t e  8 - Ras Qatam
(N 1 2°47 *0 2 "  E 45* 0 2 ' 3 2 " )
34 a1 3-51 149 - 4 5
34 a2 4 - 3 8 164 - 3 5
34b1 4 . 0 4 168 - 2 0
34c1 5 - 3 8 157 - 3 7
35a1 3 . 3 7 1 68 - 4 0
35a2 4 . 8 9 1 63 -4 4
35b1 3 . 2 8 166 -3 3
3 5b2 5 . 5 6 164 - 4 3
35c1 5 . 0 6 146 - 5 4
35d1 4 . 3 0 1 58 -31
S i t e  9 - S i r a  I s l a n d
(N 1 2 ° 4 6 ' 3 4 "  E A \ jw0 2 ' 3 2 " )
31 a1 0 . 9 9 172 - 2 3
31 a2 1 .26 171 -31
31 b1 0 . 9 4 1 60 - 4
31 d 1 . 2 7 170 - 3 8
32a1 3 . 1 4 171 -2 4
32b1 2 . 3 6 1 64 - 2 8
33a1 1 . 3 0 177 -21
33b1 0 .9 1 176 - 2 0
33c1 1 . 0 6 176 - 2 8
36a1 2 . 2 0 177 - 2 0
36b1 1 . 9 5 172 - 2 0
36c1 2 . 3 5 180 - 1 6
44a1 6 . 6 2 72 - 5 9
44b1 6 . 0 0 45 -4  9
S i t e  10 ■- N. Hokat  Bay
(N 12u 46 ' 0 8 "  E 4!5 02 ' 5 0 " )
22a1 3 - 7 2 1 84 - 2 3
22a  2 4 - 0 9 182 -3 4
22b1 4 .2 1 1 65 - 3 6
2 2b 2 5*66 1 69 - 3 3
23a1 3 . 7 3 176 - 2 5
23a2 6 . 7 8 173 - 3 5
23b1 4 - 2 4 179 - 2 6
24 a1 5 . 3 5 177 -31
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Spec .  No . M D I Spec .  No. M D I
24a2 6 .9 7 178 - 3 2 S i t e  12 - H indu Cemetery
24b1 5 .6 2 175 - 2 8 (N 1 2 ^ 4 6 ’ 27”  E 45 0 2 ' 2 9 " )
42a1 5-35 177 -31
42a2 6 .9 7 178 - 3 2 28a1 3 .8 8 164 - 1 8
4 2b1 5 .6 2 175 - 2 8
28a2 4 .0 2 176 -1 0
4 2b2 7 .8 0 179 - 3 3
29a1 5 .59 172 -3 5
43a1 8 . 1 9 182 - 3 2 29a2 5 .55 173 -22
48a1 6 .67 180 -21 29b1 3 .57 1 67 -2 8
55a1
o
•
C
O 183 1 29b2 4 .8 2 1 67 -1 5
30a1 0 .5 6 180 - 1 5
S i t e  11 ■- S ou th  Hoka t Bay 30a2 1 .07 175 -2 0
( n 12 46 ’ 0 5 "  E 45>0 2  14 5 ” ) 30a3 1 .2 5 176 - 1 5
2 5 a 1 4 .2 4 173 -2 4 30b1 1 .11 188 -2 3
25b1 4 .6 6 1 83 -24
25b2 5-94 179 -27
25c1 8 .0 4 188 -1 3
25d1 8.31 181 -24
26a1 1 4 .6 5 182 0
26b1 8 . 4 9 176 - 2 5
26b2 1 0 .5 2 177 + 6
27 a1 4 . 2 8 180 -1 7
27b1 3.51 176 -1 8
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APPENDIX 2 (b)
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APPENDIX ? ( a)  
HAWAII SPECIMEN DATA
A b b r e v i a t i o n s
t
M i s  t h e  i n t e n s i t y  i n  e . m . u . / e m  3: 10
x i s  t h e  s u s c e p t i b i l i t y  i n  e .m .u ^ /a m  . x 1Q~ . .,D i s  t n e  d e c l i n a t i o n ,  m e a su re d  c löckwxse  from t r u e  n o r t h
I  i s  t h e  i n c l i n a t i o n ,  p o s i t i v e  b e i n g  n o r t h - s e e k i n g  p o l e  down
T r e a t e d  d a t a  i s  t h a t  f o r  s p e c im e n s  a f t e r  t r e a t m e n t  i n  
150 o e r s t e d  (peak)  a l t e r n a t i n g  f i e l d .
INITIAL TREATED
S p e c .  No. M D I M D I X
MAUI
HANA SERIES
S i t e  14
Hana 1 (N 20' ° 4 0 552” W 156° 02:01
22a 2 1 .5 0 348 +30 1.61 341 +31 1 .29
22b 2 1 .1  6 349 +27 1.61 344 +28
S i t e  15
Hana 2 (N 20i°41 10 4 ” W 156° 0 1 5 5 8 ” )
23a 1 5 .8 5 350 +19 1 o42 350 +4 4 . 9 9
23b 1 6 .5 9 355 +20 1 »58 27 +22
S i t e  16
Hana 3 (N 20 ° 4 6 ' 2 0 ” W 155° 59*5 2 ” )
24a 1 8 . 0 2 355 +4 5 5o95 357 +49
24 b 1 7 . 9 9 357 +40 6 o4 6 355 +44 5 0 69
25a 1 5 . 3 0 13 +33 9 »36 15 +36
26a 1 4 . 8 0 1 +4 6 5 . 3 6 3 52 +42 6.53
26b 1 4 .5 5 9 +44 5 .04 357 +46
KULA SERIES
S i t e  8
K u la  1 ( n 20 ° 4 4 524 ” W 156° 14*15 ” )
1 6a 4 0 8 . 1 9 19 „ 9 1 6 .4 0 13 - 1 8 2 2 . 5 8
1 6b 3 9 4 .3 7 10 +10 18 .94 10 -18
17a 2 3 6 .6 2 224 +44 13 • 60 320 “ 45 13 .55
17b 2 0 7 .5 0 220 +53 10.81 329 “ 50
18a 1 8 8 .0 9 224 “ 54 3 .8 3 35 “ 32 2 8 .3 8
18b 327-63 246 - 7 6 5 9 .0 2 332 -5 0
S i t e  9
K ula  2 (N 20 4 4 ’1 3 2 *» W 156° 14*55 M)
19a 8 2 . 0 9 4 -1 2 .7 9 351 “ 13 1 .94
1 9b 212 .24 352 +15 4 . 6 7 2 +5
20a 3 3 . 5 3 166 “ 40 7 . 5 5 100 +53 1 .94
20b 3 3 .0 5 128 +13 10.61 261 +15
2 1 a 4 6 .18 131 “ 60 0 0 00 CD 359 “ 45 2 .58
21b 4 3 - 7 6 137 “ 68 0 . 9 9 22 “ 21
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I n i t i a l  T r e a t e d
S p e c .  No. M D I M D I X
S i t e  10
K ula  3 (N 20 44*39" W 156 14 ’37")
36a 22 .52 309 +60 2 .2 9 354 +36 3*23
36b 22-78 309 +58 2 . 3 6 324 +52
37a 8 . 3 3 57 +44 1 .94 355 +53 3*69
38a 14.20 2 +40 5-03 355 +38 6.91
38b 11 .94 4 +33 3 . 8 0 351 +33
S i t e  11
K u la  4 (N 20 44*50" W 156 14 *39’•)
39a 3 6 4 .00 63 +45 21 .92 85 +47 37.41
39b 364 .0 0 58 +47 3 0 .5 5 75 +50
40a 145 .6 2 71 +36 6 .47 60 +13 4 . 5 2
40b 151.44 62 +38 6 .38 58 +4
41a 4 5 5 .0 5 78 +25 1 3 .3 8 79 +32 8 1 . 9 2
41b 409 .55 88 +22 1 0 .5 2 70 +24
S i t e  12
Kula  5 (N 20' 44 * 05" W 156 1 4 ’ 23")
42a 111 .94 236 -3 2.41 50 +64
42b 5 6 .0 6 231 +5 3 .4 3 113 +62 1 .9 4
43a 1 1 .2 2 5 +44 1 .85 24 +46 5-30
43b 12 .17 6 M 2 0 . 8 0 282 +65
44a 7 . 8 0 5 - 5 0 0 . 4 7 346 +56 5 .3 8
44b 11 .09 7 - 5 7 0 . 7 4 348 +49
S i t e  13
Kula  6 (N 20 4 5 ' 2 4 " W 156 1 4 ’06")
45a 7 4 .6 3 83 - 3 5 1.17 33 +18 2 . 8 4
45b 89*92 106 - 3 8 1 .82 96 -28
46a 62.61 48 -3 5 1 .31 25 +12 6 .4 5
46b 67.1 6 37 -2 3 1 .5 7 ,345 +28
47a 9 2 .28 150 +49 3-94 162 +50 8 . 3 9
47b
HONOMANU
25-77
SERIES
47 +8 1 .32 149 +80
S i t e  17
Honomanu 1 (N 20 5 0 ' 2 8 " W 156 0 7 ’ 35 ")
27a 0 . 7 0 209 +9 0 . 9 7 198 +18
27 b 1 .6 9 226 -2 0 1 .08 214 -2 2 3 . 1 5
28a 0 . 9 9 201 +25 0 . 2 8 78 +69 2 .1 5
28b 0 . 8 0 195 +31 0 . 7 8 157 -3
29a 0.71 214 “ 32 0*46 180 -3 6 2 .6 9
29b
HONOLUA
0 . 8 5
SERIES
263 -37 0 . 9 2 222 - 4 9
S i t e  7
H ono lua 1 (N 20 44*56" W 156 3 1 ’42")
4a 2 .17 45 +12 0 . 1 9 130 -3 0 C. 92
4b 2 .2 7 53 +2 0 . 3 6 1 - 7
5a 3 8 .8 9 303 +1 9-72 298 +5
5b 41 .07 307 +8 8 . 6 3 284 -23 5-99
6a 0 . 9 6 177 - 2 3 0 . 9 5 175 -1 6 1 .31
6b 0 .6 5 175 -18 0 .6 9 247 +5
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INITIAL TREATED
Sp-ec. Ni3 . M D I M D I X
WAILUKU SERIES
S i t e  1
W a i l u k u 1 (N 20°47 ‘ 27" W 156°*31 110")
1a 2 .7 4 347 “ 41 2 . 7 5 353 - 4 5 1 .38
1b 3 .11 348 »43 2 . 7 3 352 - 4 7
2a 1 -39 341 »50 1 . 3 3 356 - 4 4 1 . 4 6
2b 1 . 3 8 351 “ 65 1 . 4 5 »38
3a 2 . 6 0 336 - 6 9 1 .83 2 »68 1 . 4 6
3b 2 . 6 0 352 »67 1 .6 7 8 - 5 2
S i t e  2
W a i l u k u 2 (N 2 0 ° 4 4 !' 4 8 " W 156° 3 2 ’ 0 2 " )
7 a 1 . 6 6 169 »6 1 . 2 4 169 «6 0 .6 1
7b 1 . 3 8 168 »4 1 . 0 2 171 “ 3
8 a 1 -53 161 »1 0 . 7 0 172 +1 3 . 0 7
8b 3 . 3 3 174 +5 2 . 1 3 168 +4
9 a 1 .41 153 “ 19 0 . 3 9 175 +4
9b 1 . 2 0 150 - 1 3 0 . 1 8 154 «15 1 .31
S i t e  3
W a i l u k u 3 (N 2 0 ° 4 7 '' 3 5 " W 156° 3 3 ’4 5 " )
10a 1 . 0 5 156 »10 0 . 3 5 154 »13 1 . 7 9
10b 0 . 5 5 142 »18 0 . 6 5 175 - 4 9
11a 1 2 . 7 5 157 - 2 6 1 1 . 9 5 160 »26 3*38
11b 1 5 - 2 9 159 “ 26 1 3 - 5 2 1 60 »25
12a 1 5 . 9 5 176 »30 1 5 .0 0 176 «28 3*00
12b 16 -9 7 175 -34 1 6 . 1 4 174 - 3 4
S i t e  4
W a i l u k u 4 (N 2 0 ° 5 5 '' 38" W 156° 4 1 ’ 3 6 " )
13a 4 . 6 7 180 «28 2 . 7 7 170 »27 4 . 4 6
13b 4 . 9 5 175 - 3 2 2 . 6 5 1 61 «28
14a 2. 63 151 - 1 7 1 .81 158 «19 1 . 7 7
14b 2 . 5 0 150 »19 1 . 5 3 154 «22
15a 23 .81 168 «12 1 . 6 5 1 27 »38 1 .61
1 5b 19 .71 145 - 5 0 3 . 6 9 156 - 7 5
S i t e  5
W a i l u k u 5 (N 2 0 ° 4 7 ‘' 20" W 156° 3 3 ’ 1 8 " )
30a 6 . 8 3 182 +9 4 . 1 4 187 +7 2 .5 4
30b 5 . 3 2 198 +19 3 . 7 7 188 +9
3 1 a 6 . 2 8 187 +25 3 . 0 7 185 - 3 1 . 8 7
31b 5 . 8 9 191 +36 3 . 3 3 185 +13
32a 15 -8 4 154 “ 15 2 . 3 5 165 »14 3 . 0 4
S i t e  6
W a i l u k u 6 (N 2 0 ° 4 7 107" W 156° 3 2 : 54 ")
3 3 a 51 . 8 5 300 »5 1 3 . 7 8 299 ~4
33b 3 4 . 7 2 277 - 4 7 11 .8 9 267 »48 1 . 0 8
34 a 2 . 6 6 313 +3 1 . 9 9 313 +5 1 . 2 3
34b 2 . 7 9 329 - 4 1 . 9 5 314 +6
3 5 a 2 . 9 5 182 »31 2 . 1 7 173 »30 1 . 1 5
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INITIAL TREATED
S p e c .  No. M D I M D I X
LANAI
LANAI SERIES 
S i t e  18 
L a n a i  1 (N 20 4 4 ' 5 0 " W 156 53 *46” )
4 8 a 2 . 5 8 118 - 8 0 . 6 9 158 - 3 1 . 0 0
48b 4 . 3 5 125 -1 4 0 . 8 1 158 - 2
S i t e  19
L a n a i  2 (N 20 5 0 ' 2 6 " W 156 4 5 ' 1 5 " )
4 9 a 8 . 7 4 192 - 2 2 7 . 4 0 191 - 2 2 0 . 9 2
50a 6 . 2 0 185 - 1 2 4 . 4 0 188 +1
50b 5 - 8 5 182 - 1 3 4 . 2 3 188 - 1 6 0 . 7 7
S i t e  20
51a 6 . 0 5 138 - 4 0 1 .81 184 -51 1 . 0 0
51b
MOLOKAI
UPPER EAST
7 . 6 0
MOLOKAI
125 - 3 6
SERIES
2 . 1 8 164 - 5 3
S i t e  24
U p p e r  E a s t M o lo k a i 1 (N 21 08 ' ' 21" W 157 031*14")
60a 4 0 . 4 5 178 - 1 5 1 0 . 6 2 175 -1 6 . 0 . 6 5
60b 29 -0 5 157 -11 7 . 0 5 1 61 - 1 2
61 a 2 . 0 5 76 - 1 8 3 - 4 7 180 - 3 2 1 .6 6
62a 0 . 5 5 149 +40 0 . 7 8 165 - 1 7 1 . 6 6
62b 0 . 3 4 15 +32 0 . 4 3 1 67 +4
S i t e  26
U p p e r  E a s t M o lo k a i 2 (N 21 0 5 ' ' 0 6 "  W 157 00 ’3 4 " )
7 8 a 1 6 . 9 3 191 +1 4 .5 1 186 - 3 5 1 . 2 9
78b 1 7 - 0 8 195 +2 3 . 7 0 195 - 3 0
7 9 a 3 9 - 3 2 211 +1 9 2 . 3 6 191 +4 4*46
79b 3 5 . 1 5 208 +20 2 . 3 4 199 +1
8 0 a 25 -5 4 191 +13 4 .8 1 184 - 3 2 1 .61
80b 2 7 - 7 7 187 +1 9 4*68 181 - 2 5
S i t e  25
U p p e r  E a s t M o l o k a i 3 (N 21 0 4 1' 3 2 "  W 156 5 8 ' 3 6 " )
7 5 a 6 . 1 7 141 +10 1 .68 137 +10 2 . 5 6
7 6 a 1 1 . 2 4 143 - 1 4 2 . 1 5 129 - 6 2 . 5 4
76b 1 6 . 9 3 92 - 1 3 2 . 9 4 84 - 5
7 7 a 1 4 4 . 1 6 65 - 7 4 . 7 3 71 - 7 1 . 2 9
77b 1 4 8 . 1 6 65 - 9 5*27 77 - 2
S i t e  27
U p p e r  E a s t M o lo k a i 4 (N 21 0 6 ' ' 0 5 "  W 157 020 3 6 " )
8 1 a 0 . 4 7 113 -1 0 . 4 9 154 - 3 9 4 .6 1
81b 0 . 6 2 133 + 6 0 . 5 7 146 +3
8 2 a 1 . 4 3 243 +13 1 .1 8 154 +1 6 3 .7 1
82b 0 . 6 5 274 +73 0 . 4 6 186 - 7 3
8 3 a 1 0 . 4 5 227 +9 1 . 2 3 239 - 4 4
83b 8 . 9 0 224 +24 0 . 4 7 244 - 4 0 3 . 9 2
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INITIA L TREATED
S p e c .  No. M D I M D I X
LOWER EAST MOLOKAI SERIES
S i t e  21
L ow er  E a s t M o l o k a i 1 (N 21° 0 9 ’ 29"  W 156 4 4 ' 3 6 " )
53a 5 - 3 5 190 - 3 2 4 . 2 0 184 - 2 8 2 . 0 5
55a 3 . 1 8 185 - 1 7 2 . 7 0 180 - 1 8 1 .54
55b 2 . 7 6 188 - 1 4 2 . 2 6 182 - 1 3
S i t e  22
Lower  E a s t M o l o k a i 2 (N 21°07  ' 0 0 "  W 156°44 * 29" )
54a 8 . 9 6 1 7 6 -31 6 . 4 5 179 - 3 3 1.61
54 b 9 . 3 4 179 - 3 7 6 . 7 5 178 - 3 7
5 6 a 7 . 7 5 185 -41 6 . 7 7 185 - 3 9 1 . 7 7
5 6 b 5 - 5 6 183 - 3 9 5 . 2 4 184 - 3 6
57a 6 . 2 2 173 - 4 3 5 . 0 1 172 - 4 3 1 . 0 0
57b 6 . 0 6 1 68 - 4 2 5 .01 166 - 4 5
S i t e  23
Low er  E a s t M o l o k a i 3 (N 21 ° 0 6 115 4 . 1  w 1 56°44 >3 5 " )
58a 2 . 7 2 174 - 6 4 2 .6 4 170 - 3 3 1 . 2 3
5 8 b 5 . 0 3 199 - 3 8 4 . 7 9 197 - 2 4
59a 1 6 . 6 5 202 +13 1 5 . 0 0 171 - 3 3 1 . 2 9
59b 1 7 . 0 4 1 7 2 - 3 6 1 5 . 4 3 170 - 3 3
WEST MOLOKAI SERIES
S i t e  28
West  M o lo k a i  1 (N 2 1 ° 0 5 {4 1 " W 1 57C'11 ’4 9 " )
63a 9 . 8 3 166 - 1 5 8 . 1 2 173 - 1 8 0 . 7 7
6 3 b 9 - 5 7 1 67 - 1  2 7 . 5 2 176 - 1 8
64 a 5 . 4 9 1 63 - 1 3 3 . 5 2 166 - 1 2 1 .23
64b 2 . 8 0 153 - 1  2 1 . 87 170 - 4
65a 1 . 5 5 188 - 4 5 1 . 5 5 1 60 -2 4 1 .15
6 5b 1 .51 1 7 6 -91 1 . 7 6 179 - 9
S i t e  29
West  M o l o k a i  2 (N ;21 °05  ’ 39" W 1 57C1 2 ' 0 2 ")
6 6 a 1 9 . 9 5 179 - 4 8 1 4 . 2 7 178 - 4 7
6 6b 2 0 . 7 5 164 - 3 7 15 -6 4 1 65 - 3 8
67a 1 9 .11 172 - 4 0 1 4 . 1 6 166 -41 1 . 2 9
67b 1 8 . 0 8 155 - 3 2 1 2 . 7 9 1 60 - 3 7
S i t e  30
West  M o l o k a i  3 (N 21 ° 0 5 ' 3 7  " W 1 5 7 (D1 2 ' 2 5 ’0
69a 9 - 9 6 38 +18 1 .70 143 - 2 5 0*4  6
7 0 a 1 6 .0 1 113 + 24 7 . 4 8 147 - 3 8 2 .5 4
70b 21 . 8 2 1 1 0 +44 5 .5 7 145 - 2 2
7 1 a 2 5 . 2 4 250 - 2 9 4 . 2 8 184 - 3 3 0 . 6 5
71b 2 2 . 4 2 251 - 3 2 4 . 1 0 179 -31
S i t e  31
W est  M o l o k a i  4 (N 2 1 ° 0 5 ' 4 3 " W 1 57*31 3 133 *-)
7 2 a 1 5 . 2 3 178 - 2 1 1 0 . 1 6 1 76 - 2 2 1 .94
72b 8 . 9 5 175 - 8 4 . 9 2 177 - 1 0
7 3 a 1 5 . 1 6 171 - 1 0 9 .61 174 - 1 4 1 . 2 9
73b 1 4 . 4 2 175 - 1 0 8 . 5 3 176 - 1 6
7 4 a 6 .51 1 61 - 2 0 3 . 1 4 153 - 1 8 0 .3 1
371
INITIAL TREATED
Spec«  No« M D I M D I X
OAHU
HONOLULU BASALT SERIES 
S i t e  52 ( Q u a r r y )
H o n o l u l u  B a s a l t  1 (N 21 °24 ' 0 5 ” W 1 5 7 ° 4 3 ' 1 4 ” )
1 62a 3 - 0 5 345 + 1 6 0 . 4 4  332 +7 4 . 6 1
1 62b 2 . 6 6 250 - 3 8 0 . 4 5  352 - 1 5
163a 3 - 6 9 359 +4 0 . 5 8  359 +40 4*84
1 64a 4 «86 17 + 18 1 .06  341 0 4*38
164b 4 «37 16 +3 0 . 8 9  345  - 1 0
S i t e  53
H o n o l u l u  B a s a l t  2 (N 21 2 2 ' 2 5 ” W 157 2 3 ' 2 5 ” )
125a 6 . 0 3 34 9 +31 2 . 2 6  345 +30 3«76
125b 6 .0 3 352 +29 2 .31  347 +26
1 26a 5 - 0 8 8 +25 1 . 2 5  0 +19 2.61
1 26b 5 »89 8 +37 1 . 4 8  18 +15
127a 5 . 2 0 8 + 1 6 2-71 2 +22 3 . 3 0
127b 5*68 0 +22 2 . 7 8  1 +27
KOOLAU BASALT 
S i t e  32
K oo lau  B a s a l t 1 (N 21 3 8 ' ' 2 8 ” W 158 0 3 ' 5 7 ” )
101a 3»30 182 3 °22 174 - 9 0 .6 1
101b 3 - 0 6 182 - 5 3 “03 180 - 9
102a 5 „90 189 4 “93 187 - 9
102b 5® 58 186 - 5 4 “ 57 184 - 3 0*92
103a 3 »87 187 - 7 2 . 7 6  191 - 1 0 1 .38
1 0 3 b 3 “90 188 - 6 2 . 8 0  186 -1
S i t e  33
Koolau  B a s a l t 2 (N 21 38' ’4 6 ” W 158 0 4 ' 0 6 ” )
104a 2 . 5 4 178 - 2 4 1 . 9 9  183 - 1 9 1 .23
104b 1 «14 1 69 - 3 1 1 .06  187 -21
105a 0 .3 1 2 1 1 + 34 0 . 3 5  206 - 2 0 1 «54
105b 0 . 5 3 199 +50 0 . 4 0  193 +16
106a 0 . 7 9 138 - 4 0 0 . 9 0  180 - 1 5 1 .1 5
106b 0 . 6 3 157 - 1 5 1 . 0 0  170 - 2 6
S i t e  34
K o o la u  B a s a l t 3 (N 21I 23 ' 2 2 "  W 1 57 57 10 1 " )
107a 0 . 4 0 79 + 59 0 . 2 9  162 - 1 9 1 . 1 5
107b 0 . 4 9 47 +49
0+C\JC\JGOf<"\e
0
108a 0 .6 1 1 63 +22 O . 7 2  195 -11
108b 0 . 6 0 1 60 +1 4 0 . 4 4  1 92 +1 1 .54
109a 0 . 5 2 157 +24 0 . 5 4  147 +13
109b 0 . 3 6 186 +3 0*36  122 - 3 0 2 . 1 5
S i t e  35
K o o la u  B a s a l t 4 (N 2"1 2 5 ’4 5 ” W 158 00 ’4 2 ” )
1 10a 1 .81 101 - 7 5 1 .3 6  147 - 6 4 1 .77
110b 1 «42 139 - 8 6 1 .1 5  178 - 7 6
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INITIAL TREATED
Spec*  No* M D I M D I X
1 1 1 a  0 . 8 0 43 - 6 0 0 . 5 3 156 - 5 5 1 .54
1 1 1 b 0 . 6 7 16 - 7 6 0 . 4 7 2 0 2 - 5 3
1 1 2 a  4 * 0 2 1 5 6 -71 3 “70 165 - 5 8 1 .54
112b 4 . 4 0 159 - 7 3 4 . 0 7 161 - 6 7
S i t e  39
K oo la u  B a s a l t  5 (N 21 1 7 ' 5 2 “ W 157 4 8 ’4 5 " )
128a  5*91 157 - 4 0 4 . 0 3 151 - 3 8 0 . 7 7
128b 6 . 4 1 157 - 4 3 4*28 1 58 - 4 0
129a  7 . 0 5 1 61 - 2 3 5 «43 1 61 - 2 4 1 . 46
1 2 9 b 6 . 2 0 160 - 2 1 4 . 0 6 1 60 - 2 1
S i t e  4 0
K oolau  B a s a l t  6 (N 21 1 7 ' 5 4 " W 157 48 * 51 " )
1 30a  5 »25 182 - 4 5 4 . 3 5 185 - 4 7 1 . 6 9
130b 5-84 183 - 4 6 5 “ 1 2 180 - 4 7
1 31a  4*96 2 3 2 - 5 6 3 « 21 175 - 5 8 1 .08
1 3 1 b 3 - 9 4 171 - 4 6 2 . 6 7 177 - 4 9
S i t e  43 ( Q u a r r y )
K o o la u  B a s a l t  7 (N 21 2 2 !4 6 M W 157 54  »32»«)
1 38a  4 . 3 5 191 - 3 9 2 . 7 2 194 -41 1 . 5 4
138b 4 . 2 2 1 9 0 - 4 5 2 . 7 7 194 - 4 6
139a  5 -05 189 - 4 4 3*62 187 - 5 0 1.61
139b 5 -0 5 189 -4 4 3 0 62 181 - 5 9
1 40a  3 - 3 6 1 98 -41 2 . 1 9 205 - 3 6 1.61
140b 3*47 181 - 4  9 2 . 3 3 189 - 5 0
KOOLAU DYKE COMPLEX 
S i t e  54
K o o la u  Dyke Complex 1 (N 21 25 »48»« w 157 47 ’49*»)
99a  3 - 8 3 168 +37 0 . 7 2 2 0 2 - 3 2
99b 3 - 0 5 173 - 5 0 . 6 4 183 - 3 4 - 8 4
1 0 0 a  2 .2 3 173 +5 0 . 1 8 173 - 8 7 . 3 8
1 0 0 b 2 . 0 5 175 - 1 6 0 . 3 3 164 - 2 2
WAIANAE BASALT
S i t e  36
W a ia n a e  B a s a l t  1 (U ppe r ) (N 21 34 .4511 w 1 5 8 1 3 ’0 0 M)
113a  2 . 5 2 201 - 4 4 2 . 4 8 203 -41 2 .2 3
1 1 3 b 2 . 8 8 194 - 5 6 2 . 8 4 203 - 4 6
1 1 5 a  5 -5 6 183 - 3 7 5 “40 183 -41 2 . 6 9
115b 6 . 4 6 176 - 3 8 6 . 6 3 178 - 3 9
S i t e  37
W a ia n a e  B a s a l t  2 (Lower) (N 21 20 ' 5 1 "  W 1 5 8 0 7  »2 3 »»)
1 1 9 a  3 - 8 5 354 +34 3» 35 350 +39 0 . 5 4
119b 4 • 1 8 347 +31 3 • 66 342 +35
1 2 0 a  2 . 5 2 3 2 6 +41 2 . 0 1 3 2 2 +41 1 .1 5
1 2 0 b 2 . 7 6 332 +39 2 . 2 4 334 +41
1 2 1 a  3 -4 4 323 +36 2 . 8 5 323 +33 0 .3 1
1 2 1 b 2 . 7 7 327 +40 2 c 1 0 327 +40
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INITIAL TREATED
S p e c .  No • M D I M D I  X
S i t e  38
W a ia n a e B a s a l t  3 (U ppe r ) (N 21 20 ' ' 4 1 "  W 158 0 6 14 2 ” )
1 2 2 a 5-01 73 +41 5*27 47 +32 2 . 3 8
1 2 2 b 5 . 2 0 66 +43 5*41 46 +38
1 2 3 a 8 . 8 6 32 +44 7 . 0 3 34 +40
1 2 3 b 8 .91 33 +45 7*96 33 +45 3*1 5
1 2 4 a 9*48 16 +31 7*54 12 +25
124b 1 0 .1 4 15 +24 9*14 8 +19 3*07
S i t e  41
W a ia n a e B a s a l t  4 ( M i d d l e ? )  (N 21 i2 7 '2 3 " W 158 0 9 ’ 3 6 " )
1 3 2 a 1 .31 177 - 6 6 1 .37 168 - 6 5  0 . 7 7
1 3 2 b 0 . 9 5 1 68 - 6 9 1 . 03 178 - 6 0
1 33a 0 . 5 0 1 92 - 5 2 0 . 7 8 174 - 5 4  1 . 3 8
133b 0 . 4 6 216 -4 4 0 . 6 4 179 - 5 9
1 3 4 a 0 . 7 8 149 - 7 0 1 . 1 8 1 58 - 6 3  0 . 8 4
134b 1 .05 1 61 - 6 5 1 .41 170 - 6 2
S i t e  42
W a ia n a e B a s a l t  5 (U ppe r ) (N 21 20 12 6 ” W 158 0 5 ’1 8 ")
1 35a 6 . 7 9 20 +32 3 . 7 7 29 +29 5*22
135b 7 . 1 2 23 +38 3*99 22 +32
1 3 6 a 4*87 0 +9 0 - 9 6 353 +33 7 . 3 0
1 3 6 b 6 . 3 9 2 + 14 0 . 6 9 18 - 1 9
1 3 7 a 4 . 4 0 359 + 25 1 . 1 1 238 - 1 3  5*69
137b 2 . 1 0 352 +30 0 .5 1 31 2 +81
S i t e  45
W a ia n a e B a s a l t  6 (Lower) (N 21 32 • 3 4 M  w 158 14 »12")
1 1 6 a 2 .5 7 1 61 -2 1 2 .31 156 - 4 6  2 . 1 5
116b 2 . 0 0 1 56 - 3 7 1 .81 153 - 2 6
1 1 7 a 3 . 3 5 102 - 1 3 2 . 8 5 100 - 6  3*00
117b 2 .9 7 106 - 7 2 .41 80 +2
118a 2 . 7 6 1 65 - 4 2 1 . 9 8 1 66 - 4 0  1 . 0 8
118b 2 . 9 5 175 - 4 5 2 . 1 3 176 - 5 3
S i t e  44
W a ia n a e B a s a l t  7 (Lower) (N 21 28 »4 9 »» w 158 0 6 ' 5 9 " )
1 5 9 a 1 .3 7 176 - 7 0 . 7 7 178 - 6  0 .6 1
159b 0 . 7 6 179 - 3 0 . 3 2 183 +16
1 60a 0 . 4 3 146 +21 0 . 3 8 153 +24 0 .6 1
160b 0 . 4 4 149 + 27 0 . 3 8 1 62 +28
1 6 1 a 0 . 2 3 184 + 68 0 . 1 1 200 +66  0 . 3 1
1 61b 0 . 1 7 237 + 61 0 . 1 4 153 +40
S i t e  46
W a ia n a e B a s a l t  8 ( P r o b . Lower)  (N 21 28» 34" W 158 0 7 ' 0 9 " )
1 4 1 a 3*13 1 64 - 2 1 1 *31 1 62 - 2 4  0 . 3 8
141b 3*03 160 - 2 2 1 . 26 162 - 2 2
1 4 2 a 2 . 4 9 175 - 3 2 1 . 1 6 171 - 3 2  0 . 5 4
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INITIAL TREATED
Spec» No M D I M D I X
142b 2 .3 4 171 - 2 7 1 . 1 9 166 - 2 6
1 4 3 a 2 .8 4 168 ” 22 1 . 2 2 161 -21 1 5 - 8 3
143b 2 . 4 8 166 - 1 8 1 .3 2 1 64 - 2 4
S i t e  47
W a ia na e B a s a l t  9 (Prob.- Lower)  (N 21 28* 36" W 158 0 7 ’0 2 " )
145a 0 . 7 2 153 -51 0 . 9 0 178 - 5 0 1 .31
145b 1 .1 6 145 - 5 0 1 .47 122 - 4 8
146a 1 .7 3 177 - 2 8 1 .73 181 - 3 9 2 . 2 3
14 6b 2»00 172 - 2 0 1 .47 1 91 -31
S i t e  48
W a ia n a e B a s a l t  10 (Prob<. Lower)  (N 21 2 8 ' 3 5 " W 158i 07 * 28" )
147a 1 .06 19 +23 0 . 7 3 21 +22 1 .31
147b 1 .1 2 26 +28 0 . 8 3 17 +27
149b 0 . 7 6 24 +22 0 . 8 2 349 +36 1 . 0 0
S i t e  49
W a ia n a e B a s a l t  11 (P ro b .» M id d l e ) (N 21 2>8 '00" W 158 0 7 M 8 " )
1 56a 1 .4 2 179 - 2 2 1 . 1 0 180 - 2 4 1 . 0 2
1 56b 1 -5 2 189 - 2 0 1 . 1 6 186 -21
1 57a 1 »45 176 - 2 3 1 .23 174 - 2 0 0 . 9 2
157b 1 . 2 9 175 -21 1 . 0 8 176 - 2 3
1 5 8 a 1 »49 179 - 1 8 1.11 183 - 2 0 1 . 0 8
158b
WAIANAE
1 . 3 6  184
BRECCIA (Dykes)
- 1 8 C .9 4 192 - 1 9
S i t e  50
W a ia n a e B r e c c i a  1 (N 21 2 8 ' 3 9 ” w 1 5 s 0 7 ' 1 8 " )
1 5 0 a 2 . 1 2 53 - 4  6 0 . 2 7 12 - 1 9
150b 1 .8 2 52 -31 0 . 4 0 343 - 6 4 1 . 9 2
151a 1 o4 2 43 - 4 0 . 9 0 58 ” 29 2 . 3 0
151b 3 »04 178 - 5 0 . 4 4 118 - 6 7
1 5 2 a 1 . 7 9 34 - 3 6 0 . 3 7 145 +50 2 . 3 8
S i t e  51
W a ia n a e B r e c c i a  2 (N 21 2 8 ’ 12" W 158 07 *18")
1 5 3 a 0 . 3 0 174 ~34 0 .3 1 183 - 4 0 0 .3 1
153b 0 . 1 9 179 - 1 9 0 . 2 7 179 - 2 7
154a 0 . 4 0 175 - 2 4 0 . 3 5 173 - 2 9 0 . 3 8
154b 0 . 4 3 174 - 2 6 0 . 3 5 177 - 2 3
1 5 5 a 0 . 3 4 1 61 - 3 3 0 .3 1 165 - 3 5 1 .54
155b 0 . 3 0 158 -31 0 . 2 9 166 - 3 6
KAUAI
KOLOA SERIES
S i t e  58
K o l o a  1 (N 22 1 2 ' 57" W 159 3 2 * 4 2 " )
8 7 a 6 . 0 0 160 - 4 8 5 . 1 4 1 62 - 4 8 1 . 4 6
87b 6 . 2 6 178 - 4 5 5 . 4 4 183 - 4 3
8 8 a 3»45 183 - 4 5 1 .0 3 184 - 5 5 0 . 5 1
8 9 a 7 . 1 2 1 54 + 6 5 . 6 0 201 +4 1 .5 4
375
INITIAL TREATED
S p e c .  No. M D I M D I X
S i t e  59 
K o l o a  2 
90a 7 .2 1
(N 22 
357
! °0 2 ’ 4 8 "
+28
W 15 9 ° 2 1 5 31 
7 .1 1  358
")
+30 1 . 4 6
90b 7 . 1 6 10 +28 7 . 1 0  13 +28
9 1 a 5 . 8 8 3 +31 5 . 8 3  3 +31 1 . 1 5
9 1 b 5 . 0 0 358 +30 4 .9 1  358 +33
92a 6 . 0 5 i +26 5 .51  4 +24 1.31
92b 6 . 3 7 2 +1 6 5 . 9 0  3 +18
NAPALI FORMATION 
S i t e  55 
N a p a l i  1
8 4 a  3 . 1 2
(N 22 
352
! ° 1 3 , 1 2 M
+16
W 1 5 9 ° 3 4 ’ 0 5 " )  
1 .11  354 +22 0 .3 1
84b 2o 68 356 +17 0 . 9 8  340 +16
8 5 a 4 . 0 0 5 +30 1 »58 358 +38 0 . 1 3
8 5b 3 . 6 8 13 +28 1 . 3 5  14 +33
8 6 a 4 . 2 3 355 +18 1 . 7 3  359 +25 0 . 1 5
86b 4 . 5 6 556 +18 2 . 0 2  349 +33
S i t e  56 
N a p a l i  2 
9 6 a 2 . 7 7
( n 21 
31
° 5 4 ' 4 4 "
+26
V 1 5 9 ° 3 5 121 
1 . 3 0  0
" )
+29 3 . 2 3
96b 4 . 6 5 20 + 22 2 . 7 3  350 +33
97 a 3 - 7 2 50 +20 0 . 8 6  16 +11 2 . 9 2
97b 2 . 8 6 40 +14 0 . 8 8  352 +6
9 8 a 1 0 . 5 9 13 +26 9 - 9 4  18 +24
98b 9 . 0 7 1 6 +25 8 . 4 3  19 +27 1 .5 4
S i t e  57 
N a p a l i  3 
9 3 a 3 .21
(N 21 
15
° 5 5 ' 0 0 "
+30
W 1 5 9 ° 3 4 ' 3 8 " )  
2 . 6 3  17 +34 0 .3 1
93b 3*56 1 +32 2 . 9 9  7 +33
9 4 a 3 - 4 2 4 +41 2 . 7 0  5 +4 6 0 .3 1
94b 3*33 27 +48 2 . 6 4  34 +52
9 5 a 3 . 1 6 12 +41 2 . 4 9  14 +60 0 . 2 3
95b 3 . 2 3 0 +35 2 . 5 9  4 +33
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Ap pendix  3 (b)
HAWAII -  PILOT SPECIMEN DEMAGNETIZATION
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APPENDIX 4 (a)
TAHITI -  SPECIMEN DATA
T r e a t e d  i n  150 o e r s t e d s  (peak )  a l t e r n a t i n g  f i e l d  
I n t e n s i t i e s  (m) and s u s c e p t i b i l i t i e s  (x)  a r e  i n
e- m. u* x 10 /  c c •
I N I T I A L T R E A T E D
S p e c .  No. M D I M D I X
INTRUSIVE
S i t e  1 (S 1 7 °3 8 ' 46" W 1 4 9 ° 2 6 ’40")
39a 1 .1 2 35 -41 0 .3 0  34 -2 1 6 .3 8
39b 0-63 28 -54 0 . 1 3  2 -1 4
S i t e  2 (S 1 7 ° 3 8 133" W 1 4 9 ° 2 7 ' 0 0 " )
40a 0 . 2 6 22 +15 0 . 1 2  348 -1 1 1 0 .1 4
40b 1 .1 2 95 +58 0 . 3 2  285 -  7
S i t e  3 (S 1 7 ° 3 8 •3 1 ” W 1 4 9 ° 2 7 ' 0 0 ")
41a 7-92 11 -60 1 . 9 9  6 - 6 5
41b 8 .1 0 9 -6 2 1 .6 8  31 - 6 9
S i t e  4 (S 1 7 ° 3 8 ’38" W 1 4 9 ° 2 6 ' 5 3 " )
4 2a 1 .1 3 36 +38 2 .1 0  32 +17 5 .84
4 2b 1 .7 0 39 +32 2 .5 7  39 +17
S i t e  5 (S 1 7 ° 3 8 ' 31" W 1 4 9 ° 2 6 ’ 27” )
44a 2 .33 20 -20 0 . 1 2  172 +11 6 .1 5
44b 2.44 5 -2 1 0 .1 1  176 -3 4
S i t e  6 (S 1 7 ° 3 0 ‘ 30" W 1 4 9 ° 2 7 128")
56a 8 .2 0 0 - 1 6 4 . 6 1  359 -3 0 5-73
S i t e  7 (S 1 7 ° 3 0 130" W 149^ 27 * 2 9 ” )
57a 9 .17 177 -1 8 1 . 3 5  127 -1 5
57b 8 . 4 9 180 -2 0 1 .2 1  175 - 3 3 8 8 .9 8
S i t e  8 (S 1 7 ° 3 0 1'36" W 1 4 9 ° 2 6 , 02" )
58a 1 . 2 8 16 -14 0 -9 0  13 -1 5 2 .84
58b 1 .34 16 -1 1 0 . 8 9  12 -1 2
59a 1 .24 16 +5 0 . 8 2  17 +6 0 .5 6
62a 1 1 . 3 9 11 +32 8 . 6 5  11 +32 2 .4 3
62b 7 . 9 3 13 +36 5 .4 8  12 +32
63a 6 .23 291 +26 4 . 2 7  293 +26 2 .1 8
63b 6 .15 290 +24 4 . 4 2  293 +24
S i t e  9 (S 17°30 . 54" W 1 4 9 ’*25 1 22 ")
64a 1 4 .8 7 13 -3 5 12 .34  12 -3 5
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I N I T I A L T R ]3 A T E L
S p e c .  No. M D I M D I X
EXTRUSIVE
S i t e  10 (s 1 7 ° 3 1 ' 57" W 14 9° 2 5 ' 4 5 ” )
4 5 a 1 0 - 8 8 1 58 + 17 10 -24 157 +22 1 .54
4 5b 1 0 . 9 0 153 +15 1 0 . 0 7 156 +18
S i t e  11 (S 17°31 MO" W 14 9 ° 3 0 '1 8 " )
4 6a 2-41 21 - 3 9 1 . 9 7 24 - 3 6 1 .61
46b 2 . 7 5 21 - 3 6 2 . 2 8 30 - 3 4
4 7 a 3 . 0 7 12 - 2 6 2 . 8 2 6 -21 2 . 4 3
4 9 a 3 . 9 2 16 - 3 0 2 . 6 2 8 - 3 0
S i t e  12 (s 1 7°31 102" W 149°30 '1 4 " )
50a 1 0 - 4 7 70 0 2.61 69 - 5
50b 9 . 0 6 71 t - 1 3 .5 4 58 - 2 4-61
51a 1 1 .4 4 179 - 2 4 . 1 0 173 +1 6 3 . 2 0
S i t e  13 (s 17°3 0 '4 2 " W 14 9° 27 ’ 58")
52a 4 .5 1 5 - 3 2 3 - 3 6 2 - 2 0 2 . 2 3
52b 5 . 8 5 11 - 3 2 4 . 5O 12 - 2 2
S i t e  14 ( s 17° 3 0 ’31" W 14 9 ° 2 7 ' 4 2 M)
53a 6 . 6 8 231 + 6 1 -43 225 +7 4 . 4 0
54a 7 . 7 7 195 + 65 4 . 4 2 188 +6 5 2 . 8 2
55a 5 -7 8 184 - 3 0 2 .41 174 -31
55b 6.71 166 - 2 6 2.1 5 178 - 2 5 1 . 6 9
S i t e  15 (S 17 ° 3 1 ' 03" W 14 9°24 '2 6 " )
65a 1 0 . 2 2 3 - 3 3 7 . 6 3 4 - 3 6 2 .61
65b 1 1 .7 7 6 - 3 3 8 . 6 4 12 - 3 7
S i t e  16 ( s 17 ° 3 1 1' 0 3 ” w 1 4 9 ° 2 4 j' 1 7 " )
67a 5 .7 0 358 - 2 0 2 . 5 2 7 - 2 2
6 7 b 4 . 7 7 358 - 1 6 2 . 3 2 356 - 2 7 1 . 6 6
68a 5 . 7 0 22 - 5 3 - 1 5 20 - 1 3 1 .7 9
68b 5 . 3 2 12 - 3 5 3*46 11 - 3 5
S i t e  17 (s 17 ° 31 110" w 14 9 ° 2 4 '’0 0 " )
69a 9 .21 61 + 13 7 - 8 2 60 + 11 1 . 61
69b 8 . 2 9 59 + 9 6 . 9 0 55 + 6
7 0 a 1 0 .6 3 15 - 2 9 9 . 8 7 15 - 2 8
70b 1 3 . 5 2 2 - 2 6 1 3 - 2 6 3 - 2 6 2 . 3 0
7 2 a 13-31 21 - 2 7 9 . 5 2 9 - 3 2 0 . 8 5
7 2b 1 3 . 5 6 15 - 2 7 8 .4 4 15 - 3 0
S i t e  18 (s 17 ° 3 1 ' 1 5 ” w 1 4 9°23 ’ 52" )
7 3 a 4 . 2 3 1 2 - 2 5 2 . 0 8 18 - 2 9
73b 3 . 9 2 15 - 2 6 1 . 9 5 1 2 - 3 4 1 . 1 5
74 a 5 . 6 7 169 +  24 4 . 3 8 6 - 3 4
74b 6.56 1 67 +  23 4 . 8 4 1 67 +25
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I N I T I  A L T R ]3 A T E D
S pec .  No- M D I M D I X
S i t e  19 (S 1 7 ° 3 1 , 25" W 1 4 9 ° 2 3 ' 2 9 ” )
75a 3 .9 2 7 -14 1 . 8 5 13 -2 1 3.84
75b 3 .6 9 4 -1 9 1 . 8 0 355 - 2 8
S i t e  20 (S 17°31 '2 7 " W 149°23 '2 9 " )
76a 5 .0 1 352 -10 0 . 4 1 22 - 3 8 1 .7 7
S i t e  21 (S 1 7 ° 3 1 ’ 29" W 1 4 9 °23»29m)
78a 2 .67 9 -1 6 0 . 7 0 267 -6 0 2 . 1 8
S i t e  22 (S 1 7 ° 3 1 ’4 5 ” W 1 4 9 ° 2 3 1’15")
79a 2 .3 9 290 - 5 2 .1 0 296 - 9 1 . 2 8
79b 2 .42 296 - 1 8 2 .0 5 345 +5
S i t e  23 (S 17°39 ’ 59" W 149°18 ’37")
80 a 2 .5 1 113 +42 0 . 4 7 - 135 +35 2 .23
80b 2 .16 111 +38 0 . 4 6 163 -1 5
81a 2 .2 6 31 -6 6 1 . 3 9 22 - 7 1 4 . 8 5
81b 3.64 181 +38 1 .3 7 11 -6 8
S i t e  24 (S 17^39 ’26" W 1 4 9 ° 1 8 '4 1 " )
83a 3 .2 6 16 +5 0 . 5 5 10 +15
83b 3 .6 9 15 +8 1 . 5 1 134 +14 2 .1 5
84a 3.54 195 -1 0 0 . 4 5 188 +22 2 .3 0
84 b 3 .03 183 -2 5 0 . 7 8 199 - 3 2
S i t e  25 (S 17°33 'SO" w 1 4 9 ° 1 9 !'3 4 " )
85a 4 .4 4 22 -2 2 2 .94 26 -23 2 • 64
S i t e  26 (S 17 32 » 40 M w 1 4 9 ° 2 0 ' 4 0 " )
86a 1-48 355 - 9 0 . 5 2 281 +16 2 .9 2
86b 1 . 8 2 15 -34 1 .1 7 230 -4
S i t e  27 (S 1 7 ° 3 2 1>32" w 1 4 9 °2 1 ' '03" )
87a 3-97 179 +9 2 .8 1 178 +3 2 .0 0
87b 5 .46 179 +4 4 . 4 2 181 +7
S i t e  28 (S 1 7 °3 2 ' '32" w 1 4 9 ° 2 1 ' 09")
88a 4 .04 227 - 3 2 2 .3 3 203 -3 5 2 .38
88b 5 .1 9 217 -3 5 3 .8 6 202 -2 7
89a 0 . 9 7 163 +23 0 . 2 1 239 -23 3-38
89b 1 . 3 1 171 +23 0 . 2 2 66 + 67
S i t e  29 (S 1 7 ^ 3 2 1'28" w 1 4 9 ° 2 2 ' 00" )
90a 2 .6 1 11 -1 0 1 . 4 9 9 - 9 4 . 3 0
90b 2 .95 11 - 1 2 1 . 2 8 19 - 1 3
S i t e  30 (S 17°32 '1 22” w 149 2 2 132")
92a 3*87 160 - 8 •• 0 . 5 0 188 -2 6 2 .3 0
92b 3-52 169 - 8 0 .5 7 108 - 5 8
93a 1 .3 3 18 - 6 0 . 8 5 18 - 1 0 1 .7 7
93b 1 .60 18 - 1 1 09 19 - 3
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I N I T I  A L T R E A T E D
Spec* No* M D I M D I X
S i t e  31 (S 17 °32  ’10" W 1499 2 2 ’48m)
94 a 2 .77 21 - 6 2 .05 24 - 1 0 0 . 4 6
94b 2-31 21 -1 0 1 . 7 8 23 - 9
95a 7*18 85 +17 1*04 78 -4 2 .6 9
95b 6*30 85 +14 1 . 4 0 68 0
97a 4*32 328 +26 2 .3 8 320 +24
97b 6*32 324 +33 3 . 7 7 318 +20 2 .6 1
S i t e  32 (S 17 ° 3 5 ''12"  W 1 4 9 ° 3 6 ' 47")
98a 6*95 7 -20 4 . 4 3 7 -2 7 4 . 8 7
98b 6*57 6 -1 9 4 .4 4 9 - 2 2
99a 6*67 7 -2 3 4 -0 0 11 - 2 8 4 . 6 9
99b 6 .6 8 6 -1 5 2 .6 0 8 - 2 1
100a 8 .7 3 74 - 8 2 91 9 -1 2
100b 7 . 0 2 19 -1 5 2 .75 15 - 1 8
S i t e  33 (S 17
0
r 45 ' 4 0 ” W 149°23 f 08" )
101a 4 .3 7 283 +4 6 2 .8 2 6 -34
101b 4 . 8 0 285 +39 2 .8 2 24 - 3 6
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APPENDIX 4 (b)
TAHITI -  PILOT SPECIMEN DEMAGNETIZATION
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APPENDIX 5 (a)
BORA-BORA -  SPECIMEN DATA
T r e a t e d  i n  150 o e r s t e d s  (p eak )  a l t e r n a t i n g  f i e l d  
I n t e n s i t i e s  (m) and s u s c e p t i b i l i t i e s  (x) a r e  i n
e . m . u .  x 10 y c c .
I N I T I  A L T R E A T E D
Spec-  No. M D I M D I X
EXTRUSIVE
S i t e  1 (S 1 6 ° 3 0 '1 2 " W 1 5 1 ° 4 3 , 34 M)
7a 7 .4 5 70 +38 5 .1 5  55 +36 1 -3 8
7b 10 .34 74 +44 6 .8 6  55 +44
8a 10 .40 7 -44 9*34 5 - 4 6 0 . 9 2
8b 9.84 357 -50 8-80  150 -4 3
S i t e  2 (S 16 3 2 ’1 6 n W 151 '5 7 " )
23a 3-56 179 +21 3 .8 1  180 +18 1 .54
23b 4 . 2 9 180 +25 3 .8 7  184 +21
S i t e  3 (S 1 6 ° 3 2 !08" W 1 5 1 ° 4 4 * 57»)
24 a 3-94 171 +29 2 .5 6  174 +41 2 .0 7
S i t e  4 (S 1 6 ° 2 9 13 3 M W 1 5 1 ° 4 5 ' 4 0 ” )
32a 23 .75 348 -3 9 22 .07  351 -4 1 2 .9 2
32b 22 .50 358 -43 20 .04  6 - 4 9
INTRUSIVE
S i t e  5 (S 1 6 ° 2 9 , 4 3 n W 1 5 1 ° 4 3 ’43")
l a 2 .0 0 26 - 3 9 2 .2 2  28 - 3 8 0 . 1 5
l b 4 .4 5 37 -34 4 . 0 8  36 -33
2a 3 .8 3 351 -30 3 .9 7  353 -3 0 0 . 0 0
2b 1 . 9 2 349 -29 2 .17  350 - 2 9
S i t e  6 (S 1 6 ° 2 9 , 45" W 1 5 1 ° 4 3 ' 4 0 ” )
3a 10 .13 3 -37 6 .7 2  6 - 4 1 0 . 6 1
3b 7 . 4 8 3 - 3 8 5 .6 5  5 - 3 8
4a 1 0 .7 8 52 - 4 8 4 . 3 9  60 -5 3 1 .2 3
4b 9 .95 54 -46 4 . 1 5  55 - 4 9
S i t e  7 (S 1 6 ° 2 9 ' 5 5 m W 1 5 1 ° 4 3 ' 4 3 " )
5a 15 .13 4 -2 9 1 1 .1 0  3 - 3 2 0 . 5 4
5b 1 6 .2 9 7 - 3 6 1 1 .8 2  2 - 4 3
6a 1 .1 9 9 -17 1 .5 4  9 - 2 0
6b 0 . 4 5 211 +32 in h o m o g e n e o u s
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XI N I T I A  L T R E! A  T E D
S pec .  N o . M D I M D I
S i t e  8 (S 1 6 ° 3 0 151 " W 151° 4 3 145” )
9a 8 . 5 0 30 -53 5 . 8 8 86 -3 7
9b 8 .8 3 35 -53 6-13 82 -3 5
1 0 a 7-87 338 +44 2 .7 0 332 + 2
1 0 b 14 .47 344 +43 3 .0 5 336 +11
S i t e  9 (S 1 6 ° 3 1 ' 41 " W 151° 4 3 ' 46")
1 1 a 2 . 1 2 187 +20 1-33 177 +20
S i t e  11 (S 1 6 ° 3 1 ''43" w 1 5 1 ° 4 3 ’46")
13a 2 6 .6 8 37 +T 8 . 2 2 46 + 2
1 3b 24 .45 33 0 7-53 48 +4
S i t e  10 (S 16 ° 3 1 'r43" w 1 5 1 ° 4 3 '4 6 " )
1 2 a 3 2 .7 0 154 +5 3 .44 70 - 1 6
1 2b 31 -82 146  +10 3 .1 9 59 - 1 6
S i t e  12 (S 1 6 ° 3 2 '' 2 0 " w 1 51°44 ' 35")
14a 7 .0 3 11 -47 3 .5 7 9 -4 6
14b 5*36 357 -44 2 .87 353 -4 5
1 5 a 8 .1 7 285- -4 7 6 . 4 8 273 -4 8
S i t e  13 (S 16 ° 3 2 !>2 0 " w 151° 4 4 ''35" )
1 6a 1 .5 5 116 +11 1 .30 117 +14
17a 1 6 . 2 1 80 +36 1 . 1 2 87 +40
S i t e  14 (S 16 ° 3 2 ''15" w 151°44 1' 41" )
1 8 a 0 . 2 2 67 +27 inhomogeneous
18b inhomogeneous inhomogeneous
S i t e  15 (S 1 6°3 2' '13" w 1 5 1 ° 4 4 '4 8 " )
1 9a 1 .13 196 +36 1 . 5 5 190 +39
19b 1 .33 187 +38 2 .53 187 +46
S i t e  16 (S 1 6 ° 3 2 ’16" w 1 51°44 ' 57")
2 0 a 4 . 4 3 164 -3 5 2 . 5 6 166 -3 2
20b 5 .50 132  - 3 9 2 .63 134 -41
S i t e  17 (S 1 6 ° 3 2 1'1 6" w 151° 4 4 ’'57" )
2 1 a 2 .37 159 +10 2 . 0 1 1 56 + 13
2 1 b 2 . 3 0 161 +30 2 . 0 2 1 65 +24
S i t e  18 (S 16°55 ' 53" w 151°44 . 5 7 " )
2 5 a 2 .05 141 -6 0 1 .18 149 -61
2 5 b 1 .7 7 135 -5 6 0-85 147 - 5 9
S i t e  19 (S 1 6°55 T 53" w 151°44 . 5 7 » . )
27a 4.31 2 -30 4.61 234 +40
27b 4 . 5 0 19 -37 1 .84 14 -4 3
28a 3-58 43 -27 1 .75 16 - 3 2
0 . 2 3
0 .5 4
0 . 8 8
0 . 2 3
1 .23
0 .54
0.31
0-23
0 . 8 5
0 .2 3
0 . 0 8
0.31
0.31
0 . 2 3
1 .32
5-29
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X
I N I T I  A L T R E: A T E D
S p ec .  No* M D I M D I
S i t e  20 (S 1 6 ° 5 5 106" W 151° 4 4 ' 05")
29a 5 .2 8 88 +26 1 .9 2 95 +18
29b 7 . 9 5 98 +26 3 .3 5 99 + 20
S i t e  21 (S 1 6° 5 5 1>06” W 15 1 ° 4 4 ’05" )
30a 19*53 71 -11 5*30 64 +2
30b 1 6 .4 6 71 +8 8 .3 0 73 +14
31a 20-37 264 -2 4 3 .3 4 294 -3 0
31b 2 3 .0 8 267 - 2 2 2 .9 0 288 -35
S i t e  22 (S 1 6°29 >26" V 1 51 ° 4 5 ' 4 0 f' )
33a 9 .9 5 179 +36 0 . 3 3 189 +72
33b 8 .5 7 181 +26 0 . 7 6 188 +22
S i t e  23 (S 16°29 '3 8 " W 151°45 127")
34a 1 4 .2 2 7 - 3 5 4 . 2 5 351 -34
35a 1 0 .2 0 56 +63 2 .6 5 69 +75
35b 10 .13 44 +60 2 .5 5 70 +65
S i t e  24 (S 1 6 ° 2 9 , 04" W 1 51°44 ' 57")
36a 5.14 291 - 4 6 2 .27 338 -55
S i t e  25 (S 16°29 >03" W 1 5 1 ° 4 5 '0 8 " )
37a 1 2 .3 0 197 +46 3 .1 2 200 +48
S i t e  26 (S 1 6°33 '48" W 151° 4 6 ' 05" )
38a 134 .03 273 - 8 5 0 .89 281 -1 2
38b 116 .4 9 270 -4 59-70 273 -4
0 .31
1.31
2-58
2 . 9 2
0.31
1 .0 0
0 . 6 9
0 .4 4
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APPENDIX 5 (b)
BORA-BORA -  PILOT SPECIMEN DEMAGNETIZATION
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APPENDIX 6 (a )
RAROTONGA -  SPECIMEN DATA
T r e a t e d  i n 150 o e r s t e d s ( p e a k )  a l t e r n a t i n g f i e l d _
I n t e n s i t i e s  (_M) o f  s i t e s  
o t h e r  s i t e s  i n  e . m - u
1 - 9  i n  e . m . u . / c c .  
/ c c  x 10
x 10 ,
•z
A l l  s u s c e p t i b i l i t i e s  (x)  
I  N I  T I  A L
i n  e m u . / c c .  x 10 
T R E A T E D
1 2
S p e c .  No. M D I M D I X
S i t e  1 ( l a v a ) (S 21° 1 3 ’0 0 ” W 1 5 9 ° 4 7 13 6 " )
1a 1 . 1 7 295 +67 0 . 2 7  273 +19 7 - 4 3
1b 0 . 8 3 276 +63 0 . 1 5  163 +29
2a 2 . 2 5 330 +12 0 . 2 7  332 +1 4 . 5 3
2b 1 . 8 5 328 +17 0 . 1 7  333 +14
S i t e  2 ( d y k e ) (S 21° 1 3 *00" W 1 5 9 ° 4 7 !3 6 " )
3a 1 . 9 2 226 +22 1 . 8 6  232 +19 0 . 2 3
3b 2 . 1 0 232 +19 1.91  234 +18
S i t e  3 ( d y k e ) (S 21° 1 3 J00" W 1 5 9 ° 4 7 ’3 6 " )
4 a 6 .6 1 167 +44 1 . 8 3  154 +53 5 . 1 2
4b 6 . 3 0 174 +44 1 . 7 6  127 +47
S i t e  4 ( l a v a ) (S 21° 1 3 ’0 0" W 1 5 9 ° 4 7 ’3 6 " )
5a 2 . 4 7 214 +54 0 . 7 5  50 +28 1 1 .1 4
5b 1 . 9 4 176 +70 0 . 8 0  301 +24
S i t e  5 ( l a v a ) (S 2 1 ° 1 3 ' 0 0 " W 1 5 9 ° 4 7 13 6 " )
6a 2 . 4 6 131 +64 0 . 4 0  276 +69 7 . 0 7
6b 2 . 2 9 134 +66 0 . 5 0  256 +36
S i t  e 6 ( l a v a ) (S 21° 1 2 ' 5 7 " W 1 5 9 ° 4 7 ' 3 8 " )
7 a 2 . 6 6 172 +40 0 . 5 5  183 +30 6 . 0 7
S i t e  7 ( d y k e ) (S 21° 1 2 ' 5 7 " V 1 59°47  5 3 8 " )
8a 2 . 1 3 280 +52 1.61  210 +55 2. 18
8b 2 . 7 5 215 +61 1 .81  209 +59
S i t e  8 ( d y k e ) (S 21 ° 1 2 ’ 57" W 1 5 9 ° 4 7 ' 3 8 " )
9a 3 - 9 3 177 +52 2 . 3 7  190 +62 2 . 9 2
9b 7-11 174 +62 5*33 166 +59
S i t e  9 ( l a v a ) (S 21 °1 2 145" W 1 5 9 ° 4 7 ' 3 8 " )
10a 5 - 1 2 195 +39 2 . 2 2  195 +37 0 . 6 9
10b 4 - 9 4 197 +46 1 .51  200 +42
b u t
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S pec .  No x
I N 
M
I T I  A L 
D I
T R E A T E D  
M D I
S i t e s  10-12  a r e  i n  t h e  same dyke -  s i t e  10 b e i n g  on t h e  
r o a d s i d e  n e a r  t h e  q u a r r y , s i t e  11 on t h e  c o a s t  n e a r  
t h e  q u a r r y ,  and s i t e  12 b e i n g  t h e  q u a r ry *  Samples  i n  t h e  
q u a r r y  were  t a k e n  i n  t h r e e  main  c u s p s ,  t h e  i n t e r v a l  b e t w e e n  
sam p les  b e i n g  one t o  two m e t r e s ,  and t h e  o r d e r  b e i n g  g i v e n  
w o rk in g  f ro m  e a s t ^ t o  w e s t .  The q u a r r y  i s  l o c a t e d  a t
S 21 12»10" W 15$r 4 9 !26" .
S i t e  10
36a 36 88 +9 8 139 +46
37a 49 157 + 20 13 1 65 +51
S i t e  11
38a 28 204 +77 22 179 +50
S i t e  12 
11
( E a s t Q uar ry )  
22 354 +70 21 154 +68
12 63 35 +62 9 159 +59
13 16 196 + 67 15 1 64 +57
14 14 251 + 67 9 181 +50
15 27 173 +34 21 177 +42
S i t e  12 
16
( C e n t r a l  Q uar ry )
7 149 +8 33 214 +46
17 25 222 +29 19 180 + 57
18 21 220 +32 28 190 +34
19 20 1 92 + 51 22 197 +38
20 20 217 +43 15 220 +46
21 16 171 +47 12 169 +49
22 39 97 -37 10 153 +49
23 44 173 +47 26 184 + 51
24 46 171 +45 30 176 +51
26 24 234 +43 22 1 63 + 50
27 43 148 + 53 25 156 +41
28 51 1 58 +40 28 1 50 +42
29 42 190 +37 28 1 80 +44
30 15 273 -4 1 2 214 +54
31 42 171 + 36 33 1 63 +37
32 40 1 96 + 53 24 180 + 54
S i t e  12 
33
(V es t  Q uar ry )  
39 21 6 +34 22 1 84 +38
34 32 206 + 22 19 202 +4 2
35 19 217 +33 26 222 -4
0 -03
0 . 0 3
0 . 0 3
3 39
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APPENDIX 6 (b)
RAROTONGA -  PILOT SPECIMEN DEMAGNETIZATION
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APPENDIX 7 (a )
SAMOA -  SPECIMEN DATA
T r e a t e d  in  150 o e r s t e d s  (peak)  a l t e r n a t i n g  f i e l d  
I n t e n s i t y  (m) and s u s c e p t i b i l i t y  (x) a r e  i n
e . m . u .  x 10 , /cc .
L o c a l i t y  r e f e r e n c e s  a r e  t o  t h e  n e a r e s t  5"
I N I T I  A L T R E A T E D
S pec .  No. M D I M D I X
A Ö P Ö  (1905-1911)  FORMATION
S i t e  1 (S 1 3 ° 2 7 ' 28" V 1 7 2 ° i9 * 4 8 " )
22a 4 .8 9 15 -2 7 2 .7 7  14 - 3 0 4 .1 7
22b 5.06 19 -31 2 .9 2  24 -34
22c 4 .2 7 13 -19 1 .6 0  16 - 3 2
S i t e  2 (S 13°27 ' 37" w 1 7 2 ° 1 9 , 39")
23a 3-48 22 -2 8 2 .4 5  25 - 1 8 0 .8 6
23b 2 .6 8 23 -24 2 »08 26 -27
S i t e  3 (S 1 3 °2 7 ' 51" w 1 7 2 ° 1 9 ’32")
24a 4 . 0 9 25 -20 2 .6 9  25 - 1 8 0 .9 8
24b 4 . 3 1 28 -2 6 2 .7 5  23 - 2 2
S i t e  4 (S 1 3 ° 2 8 }4 6" w 1 7 2 ° 1 9 '3 8 " )
25a 26.57 355 -3 5 2 0 .0 1  355 -3 7
25b 24 .35 352 -40 17-14 357 - 3 9 0 . 6 1
S i t e  5 (S 13^29 ' 11" w 1 7 2 ° 1 9 ’ 34")
27a 5 .2 9 2 -3 1 3 .8 4  0 - 3 0 0
27b 4*66 358 - 3 2 4*43 2 -34
AOPO (c- 1760) FORMATION
S i t e  1 (S 1 3 ° 3 1 549" w 1 7 2 ° 3 0 ! 56")
12a 3-76 7 - 9 2 . 2 5  7 - 1 0 0 . 2 5
12b 2 .97 1 -7 1 . 9 1  8 - 1 1
S i t e  2 (S 1 3 ° 3 2 :'13" w 1 7 2 ° 3 4 123")
17a 0 . 6 1 131 -1 5 0 . 4 8  11 - 5 8 1 .2 3
S i t e  3 (S 1 3 ° 3 2 j 14" w 1 7 2 ° 3 4 '1 6 " )
18a 2 .43 18 -1 3 1 . 5 6  18 “ 17 1 .23
18b 3 .2 1 7 -17 2 .0 5  19 - 1 8
S i t e  4 ( s  1 3 ° 3 2 ' 14" w 1 7 2 ° 3 4 »02")
19a 6 .32 6 -1 0 3 .7 5  10 - 1 1
19b 4 . 6 2 10 -24 2 .89  7 - 2 9 0 . 8 6
19c 4 . 1 0 2 -14 2 .1 6  4 -1 8
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I  N :I T I  A L T R E A T E D
S p e c .  No. M D I M D I X
S i t e  5 (S 1 3 ° 3 2 : 1 3 M W 1 7 2 °3 3  5 5 7 ” )
20a 5 . 0 8 6 “ 14 2 . 9 3  6 “ 8 0 . 7 4
20b 4 . 9 5 355 - 1 7 3 . 0 8  5 - 1 3
S i t e  6 (S 1 3 °3 2  5 1 3 ” W 1 7 2 ° 3 3 : 4 8 m)
21a 1 . 9 2 14 - 3 4 1 . 0 3  12 “ 12
00CTi•
O
21b 2 . 1 9 11 - 4 0 1 . 3 9  11 - 1 3
PUAPUA (SAVAI5i ) FORMATION
S i t  e 1 (S 1 3 ° 4 6 ’ 0 3 ” W 1 7 2 ° 2 6 ; 1 9 ” )
l a 8 . 2 5 356 - 1 6 7 . 1 5  1 - 1 6 5 . 9 5
l b 8 . 2 5 355 - 1 1 6 . 8 1  358 - 1 6
S i t e  2 (S 1 3 ° 4 6 7 2 5 ” W 172 2 3 ' 3 9 ” )
3a 8 . 2 5 17 “ 26 5 . 2 0  17 - 3 2 0 . 0 7
3b 8 . 4 1 18 - 2 9 6 . 0 9  18 - 3 4
4 a 7 . 4 7 26 - 3 0 2 . 5 3  17 - 3 2 1 . 3 2
4b 6 . 9 2 37 - 3 5 2 . 7 8  34 - 3 6
S i t e  3 (S 1 3 ° 4 6 t 21u W 1 7 2 °2 3  5 2 4 ” )
5a 5 - 2 8 27 - 2 9 5 - 1 5  21 - 2 9 0 - 6 1
5b 6 . 1 0 25 - 3 7 6 . 0 3  26 - 4 0
S i t e  4 ( s  13 ^ 4 7 ' 5 2 ” W 1 7 2 ° 3 0 ’4 0 ” )
1 4 a 8 . 1 4 14 - 4  6 4 . 3 7  18 - 4 7 0 . 0 0
14b 8 . 5 7 4 -4 4 4 . 5 8  10 - 4 6
14 c 7 . 1 0 10 - 4 2 4 . 0 2  10 “ 4 6
PUAPUA (UPQLU) FORMATION
S i t e  1 (S 14 °00  ! 50" W 1 7 1°44  5 CD
109a 3 . 1 5 16 - 2 6 2 . 1 6 16 “ 24 2 . 2 5
109b 2 . 2 0 14 - 2 3 1 . 5 6 15 - 2 7
LEONE FORMATION
S i t e  1 (S 14
o
1 9 !3 5 ” W 1 7 0 ° 4 2 1! 53" )
29a 6 - 4 6 326 +80 2 . 4 6 322 +80 2 . 2 1
29b 6 . 4 6 322 +78 2 . 2 6 308 +78
30 a 9*11 354 - 2 2 3 . 6 4 356 - 2 1 4 . 4 2
30b 9 - 0 6 347 - 2 9 3 . 4 9 347 - 2 6
31a 8 . 1 2 10 - " * 0 4 - 9 8 4 - 3 2
31b 6 . 6 0 11 - 2 4 5 08 354 - 2 0 3 . 4 4
31c 6 . 8 1 8 - 2 8 4 . 3 9 355 - 2 2
32a 4 . 0 9 352 - 1 1 2 . 5 9 354 - 4 4 2 . 2 1
3 2 b 4 . 4 1 350 - 1 6 2 . 7 5 351 - 1 6
33a 3 - 6 0 351 - 2 3 2 .8 4 352 - 2 6 0 - 0 0
33b 3 . 9 9 29 “ 20 7 . 6 3 3 - 2 0
1 2 - 392
XI N I T I A L  T R E A T E D
S p e c .  No. M D I M D I
S i t e  2 
68a 3 . 1 8
(S 14 
5
° 1 9 ' 5 8 ” 
“ 14
W 1 7 0 ° 4 2 : 4 0 " )  
1 . 1 6  2 - 1 8
69a 4 . 4 9 326 - 3 0 3 . 2 0  320 - 2 6
69b 4 . 2 0 322 - 2 6 3 . 1 3  322 - 2 8
LEFAGA FORMATION
S i t e  1 (S 1 3 ° 5 8 ' 0 1 " W 171°54*  0 9 " )
1 1 0 a 3 4 . 1 2 146 - I O 3 . 2 2 53 “ 44 5 . 8 9
110b 2 4 .9 2 145 “ 11 2 . 0 4 48 “ 54
S i t e  2 (S 1 3 ° 5 7 ! 38" W
0
171 5 7 51 8 " )
1 1 1 a 5 . 0 2 7 - 2 2 2 . 7 3 10 - 2 2 1 . 4 7
111b 5 - 9 8 1 “ 33 3 . 2 4 10 - 2 6
MULIFANUA (SAVAI’ l )  FORMATION
S i t e  1 (S 1 3 ° 3 4 , 3 0 M W 1 7 2 ° 4 6 : 0 0 " )
1 3 a 7 . 7 5 9 - 2 4 4 . 3 4 6 “ 21 1 . 6 0
13b 8 . 9 2 6 - 2 3 5 . 1 8 3 “ 19
S i t e  2 (S 1 3 ^ 4 2 ’ 49" W 1 7 2 ° 3 6 54 8 m)
1 5 a 7 - 9 8 17 - 7 7 . 2 7 12 - 3 5 .0 3
15b 8 . 6 3 11 “ 8 7*93 12 - 2
1 6 a 9 . 3 1 356 - 2 7 6 . 6 5 357 - 2 3 1 0 . 4 3
16b 7 -9 4 4 - 2 5 5*53 357 “ 17
16c 1 0 . 2 9 29 “ 20 7 . 6 3 355 “ 23
MULIFANUA (UPOLU) FORMATION
S i t e  1 (S 1 3 ° 4 8 : 42" W 1 7 1 ° 5 5 ’ 57")
1 0 3 a 4 . 8 2 6 “ 32 2 . 0 5 7 - 2 7 0 . 9 8
103b 1 2 . 0 0 14 - 3 6 3 . 0 3 3 - 3 8
S i t e  2 (S 1 3 ° 4 8 ' 3 5 " w 1 7 1 ° 5 5 {0 6 " )
104 a 3 . 8 4 336 - 3 9 1 . 8 8 354 - 2 6 0 . 6 1
104b 2 .8 4 335 “ 22 1 . 6 0 6 - 2 6
1 0 5 a 2 .7 7 348 “ 14 1 . 3 4 357 “ 21 1 . 6 0
105b 2 . 4 2 344 “ 10 1 . 1 4 350 “ 19
1 0 6 a 1 8 . 2 6 346 “ 28 0 . 9 0 16 - 1 5
106b 1 8 . 4 2 349 “ 13 2 . 3 4 7 - 2 7 9 . 0 8
S i t e  3 (S 1 3 ° 4 8 51 1 ” w 1 7 1 ° 5 2 j 5 2 m)
1 0 7 a 4 . 3 0 356 - 3 7 2 . 0 7 9 - 4 9 1 . 1 0
107b 3 . 7 5 356 - 3 5 2 . 0 0 7 - 4 2
1 0 8 a 5 . 2 3 238 “ 27 2 . 9 3 3 - 4 7 0 . 0 6
108b 4 . 7 0 239 “ 25 2 . 6 8 2 - 4 2
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X
I N I T I A L 
Spea* No. M D I
T R E A T E D  
M D I
SALANI FORMATION
Site 1 (S 14 00’22” W 171 34523”)
81a 0.89 349 -46 0.77 332 “46 0.98
81b 0.94 352 -42 0.82 336 “51
Site 2 (S 13°41133" W 171°47‘50”)
102a 35*91 282 4-12 1.17 353 “30 3.19
102b 29*70 266 0 1.01 344 “25
Site 3 (S 13°50s53" W 171°44 5 52")
112a 5.51 14 -29 0.94 68 -65 14.61
112b 5*64 11 -36 1.15 5 -46
FAGALOA (SAVAI'l) FORMATION
Site 1 (S 13°26!:47” W 172°24!07”)
6b 1.85 338 “45 0.46 354 -40 6-37
7a 1.67 1 -33 0.60 6 “25
7b 1.86 3 -36 0-64 8 “30 7.75
8b 1.40 5 -28 0.53 355 -38 5.93
9a 1.89 19 -35 0.60 0 “50 14.17
Site 2 (S 13°26 f 56" W 172°24’27”)
10a 2.97 341 -3 0.77 29 +13 13.75
10b 2.86 355 4-6 0.46 347 +1
11a 2.88 8 “25 0.45 49 “35 9.33
lib 2.81 8 «39 0.65 56 -IO
FAGALOA (UPOLU) FORMATION
Site 1 (S 13°57i! 52” W 171°34 * 57”)
83a 0.71 56 -23 0.06 99 “23 2.24
83b 1.74 34 “21 0.09 14 -57
Site 2 (S 13°57!42” W 171°35:09”)
84 a 0.26 175 “8 0.24 314 “85 0.98
84b 1.40 357 “51 1.08 349 “50
Site 3 (s 13°57 ’18” W 171°34151")
85a 1.47 195 4-23 0.40 197 +43 17.55
85b 0.31 76 -IO 0.52 92 +63
85c 1.22 170 +20 0.55 155 -IO
Site 4 (S 13°56* 49" W 171°34’23”)
86a 1.10 302 “9 0.31 287 “26 7*36
86b 1.83 349 “25 0.13 275 +20
87a 0.40 150 +49 0.15 148 +52 7.86
87b 0.88 153 +52 0.31 157 +50
"4
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I N I T I  A L T R E A T E D
S pec .  No. M_ D I M D I X
S i t e  5 (S 1 3 ° 5 6 524" W 1 7 1 ^ 3 4 '2 0 " )
88a 1 .9 5 171 +20 0 .6 1  172 +13 4 .1 7
88b 1 .7 1 165 +24 0 .7 4  172 +14
S i t e  6 (S 1 3 ° 5 3 ’4 6 m W 1 7 1 ° 3 4 '0 7 ” )
89a 3 .0 3 193 +38 1 .1 9  173 +52 2 .95
89b 2 .7 6 189 +33 1 .1 4  162 +48
90a 3 .13 175 +32 1 .3 2  65 +70 3 .0 7
90b 3 .2 0 172 +25 1 .1 4  52 +66
S i t e  7 (S 1 3 ° 5 3 ’ 4 1 m W 171°34 * 19")
91a 2 .8 3 168 +44 2 .4 2  168 +53 5 .1 6
91b 2 .3 9 174 +51 2 .0 5  170 +44
S i t e  8 (S 130 5 3 ’48" W 1 7 1 ° 3 4 , 33")
92a 4 .8 1 21 -3 8 4 .0 4  4 -3 3 0 .6 1
92b 4 .3 5 8 -2 0 3 .7 4  7 -2 8
S i t e  9 (S 1 3 ° 5 2 , 52" W 1 7 1 °3 7 112” )
93a 5 .9 8 200 +44 1 .3 6  213 +43 1 1 .7 9
93b 6.74 156 -18 1 .1 4  203 +33
94a 2 .4 5 164 -1 3 0 .6 8  187 +37 1 2 .4 0
94b 3 .1 1 199 +36 0 .9 6  190 +27
S i t e  10 (S 1 3 ° 5 2 ! 39" W 1 7 1 ° 3 7 , 18")
95a 2 .0 1 338 -2 2 0 .9 8  298 -2 3 5 .1 6
95b 1 .8 8 336 -2 9 0 .8 3  316 -3 0
96a 3 .0 4 320 -25 0 .1 8  324 0 4 .9 1
96b 2 .7 1 333 -2 8 0 .4 0  264 +50
S i t e  11 (S 1 3 ° 5 2 '3 7 ” W 1 7 1 ° 3 7 123")
97a 2 .0 8 229 -2 1 0 .2 2  314 -4 2 8 .84
97b 2-03 221 -1 9 0 .4 1  236 - 8
98a 0 .2 6 174 +56 0 .2 7  202 +64 0 .7 4
98b 1 .0 9 218 +60 0 .8 0  224 +58
98 c 1 .7 8 219 +55 1 .4 4  224 +53
S i t e  12 (S 13°52 f27” V 1 7 1 ° 3 8 ’ 39")
99a 4 -45 80 -3 0 .3 8  0 - 3 9 7 .8 6
99b 4 .8 6 -34 0 .4 7  353 -1 7
S i t e  13 (S 1 3 ° 4 2 '3 2 " W 1 7 1 ° 4 2 120” )
100 a 6 .3 1 30 -4  6 0 .6 2  348 -7 7 7 .1 2
100b 4 .6 0 15 -3 7 0 .9 6  331 -5 3
S i t e  14 (S 1 3 ° 4 2 ’ 28” W 1 7 1 ° 4 2 ’ 3 0 n)
101a 1 .6 3 24 -2 5 0 .3 6  124 -5 1 6 .5 1
101b 1 .8 7 36 -3 8 0 .2 3  347 -2 4
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X
I N I T I  A L
Spec. No* M D I
T A P U T A P U F O R M A T I O N
S i t e  1 (S 14 °1 9 , 49M
59a 0 .7 9 324 +54
59b 0 .7 5 321 +24
60a 1 .3 6 341 +25
60b 0 .8 2 318 +28
S i t e  2 (S 1 4 °1 9 ' 56M
61a 1 .50 331 +63
61b 1 .54 294 +60
S i t e  3 (S 14°19 , 52,?
62a 9 .49 136 -2
62b 7-93 14 2 +21
S i t e  4 (S 1 4 °1 9 '4 0 "
64 a 0 .7 6 30 +38
S i t e  5 (S 1 4 °1 9 , 55"
65a 1 .23 22 -16
65b 1 .2 9 324 -3
66a 0 .85 34 -7
66b 0 .7 2 28 -7
PA GO -  I N T R A C A L D E R A  F O R M A T I O N
S i t e  1 (S 1 4 °1 7 '20"
57a 0 .50 197 +25
57b 0 .5 4 182 -6
58a 0 .4 9 228 +1
58b 0 .47 204 +25
S i t e  2 (S 1 4 °1 8 ’58”
70a 0 .83 124 +39
70b 0 .6 5 115 +43
71a 0 .5 2 82 +14
72a 0 .5 5 61 -33
72b 0 .87 40 -11
73a 0 .6 5 88 +1
73b 0 .4 6 85 +12
S i t e  3 (S 1 4 °1 8 '0 0 "
74a 0 .47 253 +47
74b 0 .5 6 268 +28
S i t e  4 (S 1 4 ° 1 6 '43"
75a 0 .60 258 +26
75b 0 .7 9 249 +22
T R E A T E D
M D I
W 170°49 '3 3 " )
0 .77 165 +33 5.03
1.03 201 +37
2.10 267 -4 10.07
0 .4 6 182 -22
W 170°49 , 17” )
0 .12 291 +56 20.13
0 .1 9 266 +69
W
00'3'
o o c- 
1—1 42")
0 .37 152 +20 13.50
0 .33 136 -38
W 1 7 0 °4 8 ’32")
0 .2 8 20 +26 13*01
W H -J O O 55«)
0 .25 20 -2 16.20
0 .23 327 0
0 .1 1 47 +10 10.80
0 .10 359 -12
W 170°39’09")
0 .5 2 221 +26 12.89
0 .26 195 +1
0*15 202 +10 0 .82
0 .15 215 i21
W 170°42 , 48")
0 .35 159 +44
0 .30 182 +38 2.98
0.14 297 +64 12.28
0 .74 84 -12 13.26
0 .2 1 355 +68
0 .13 40 +73 10.07
0 .0 6 79 -2
W H O O o ’47")
0 .50 228 -3 6 3.18
0 .18 219 +4
W 1 7 0°401’ 51")
0 .30 204 +48
0 .67 191 +40 5.77
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I N I T I  A L T R E A T E D
S p e c .  No. M_ D I M D I X
S i t e  5 (S 14 ° 1 7 ' 1 1 " W 17 0 ° 3 9 ' 39" )
7 6 a 1 . 5 5 167 - 6 0 . 3 0 182 +3 5 - 8 9
76b 0 - 8 4 165 +24 0 . 2 3 21 5 +29
PAGO - EXTRACALDERA FORMATION
S i t e  1 (S 1 4 ° 1 6 ' 3 1 m W 17 0 ° 3 7 ' 14" )
4 9a 0<46 148 +12 0 .5 1 1 32 + 10 14-61
49b 0 . 3 6 114 +45 0 39 130 + 14
50a 4 - 1 7 175 +43 3 . 1 3 177 +47 5 - 8 9
50b 4 - 5 6 175 +37 3 . 2 3 181 +35
5 1 a 0 51 197 +43 0 - 3 9 1 90 + 54 7 . 8 6
51b 0 . 4 3 176 +44 0 .1 1 223 +15
52a 0 . 2 6 164 +60 0 . 1 2 190 + 58 1 .34
5 2b 0 . 2 0 358 +83 0 . 1 1 197 + 58
53a 1 . 1 9 176 +31 0 - 7 7 208 +36 0 . 7 2
53b 1 .04 173 +33 0 . 6 6 178 +34
S i t e  2 (S 1 6 ° 1 6 ’ 55" W 17 0 ° 3 7 ' 3 8 " )
54a 1 . 1 2 190 +20 0 . 3 4 274 +40 1 2 - 2 8
54 b 1 .41 196 +19 0 . 1 5 348 - 3 5
S i t e  3 (S 14 ° 1 6 ' 5 5 " W 1 7 0 ° 3 7 ' 55" )
55a 0 . 2 7 111 - 7 0 0 08 173 +4 1 .34
55b 0 . 6 4 118 - 8 0 0 . 1 0 175 -11
S i t e  4 (S 1 4 ° 1 6 ’ 54" W 17 0 ° 3 7 158" )
56a 0 .7 1 200 +26 0 . 5 0 1 96 +28
56b 0 - 6 0 228 +17 0 . 3 7 242 +39 8 . 5 9
S i t e  5 (S 14 ° 1 6 ' 5 8 ” W 17 0 ° 4 3 ' 1 4 " )
7 7 a 1 . 2 5 167 +23 0 . 5 3 178 +36 0 . 4 9
77b 0 . 7 0 188 - 3 6 0 . 7 8 167 + 22
7 8 a 2-21 186 +34 1 .4 8 186 +34 1.11
78b 1 . 2 6 182 +40 0 - 9 7 185 +35
ALOFAU FORMAT ION
S i t e  1 (S 1 4 ° 1 6 ' 2 7 " W 170°34 ’ 55" )
39a 0 . 6 8 187 +51 0 . 3 9 1 81 +48 1-6 0
39b 0 .5 1 176 +42 0 . 3 3 181 +4 6
4 0 a 0 75 166 +39 0 . 3 9 164 +41 1 .72
40b 2 .6 4 171 +31 2 . 0 2 171 +26
S i t e  2 (S 14 ° 1 6 !38" W 17 0 ° 3 5 ' 1 2 M)
4 1 a 0 . 8 7 182 +16 0 - 4 7 189 + 5 5*77
41b 0 . 9 9 178 +9 0 . 5 3 184 +7
4 2 a 2 . 7 6 176 +42 2 . 1 4 184 +38 3-3 2
4 2b 2 . 6 7 180 +44 2 .11 178 +46
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I N I T I  A. L T R E: A T E D
S p e c .  No. M D I M D I X
S i t e  3 (S 14 °1 6 ' 4 1 " W 1 7 0 ° 3 5 ' 3 8 " )
4 3 a 2 . 2 4 170 +29 0 . 5 0 1 91 +26 3 . 1 9
4 3 b 2 . 7 4 184 +33 0 . 5 3 180 +22
4 4 a 1 . 2 3 170 +43 0 . 3 0 198 +49 1 0 . 9 3
4 4 b 1 . 7 5 178 +40 0 . 6 0 207 + 27
S i t e  4 (S 14 °1 6 ' 51" W 1 7 0 ° 3 5 ’ 5 3 " )
4 5 a 1 . 6 7 178 +44 0 . 9 8 184 +40 2 . 4 6
4 5 b 1 . 2 4 185 +38 0 . 6 8 175 +1 9
S i t e  5 (S 14 °1 6 *4 9 " W 1 7 0 ° 3 6 ' 0 0 " )
4 6 a 5 - 8 4 195 +43 4 . 6 0 186 +39 2 3 - 0 8
4 6b 5 - 9 0 195 +41 4 . 7 3 187 +40
4 7 a 5 . 7 0 21 6 +48 4 . 4 7 221 +37 0 . 9 8
47 b 4 . 8 9 21 2 +4 6 3 - 5 6 179 +48
4 8 a 5 - 3 5 190 +39 3 . 7 0 18 8 +38 0 . 2 5
4 8 b 5 . 7 0 185 +36 4 - 3 7 186 +37
OLOMOANA FORMATION
S i t e  1 (S 14 °1 5 r 3 i  »* w 17 0 ° 3 3 ' 4 0 " )
3 4 a 1 . 1 2 186 +21 0 . 7 1 184 +17
34b 1 - 68 200 + 11 1 . 0 8 203 +1 6 1 7 - 3 9
S i t e  2 (S 14 °1 5 . 3 7 " w 1 7 0 ° 3 3  13 6 " )
3 5 a 1 .71 193 +37 0 . 2 1 180 +32 1 5 . 3 5
35 b 1 . 7 9 208 + 22 0 . 2 2 192 +28
S i t e  3 (S 14 °1 6 ' 2 0 " w 1 7 0 ° 3 4 11 1 " )
3 6 a 1 . 3 9 153 +55 0 . 9 9 120 +50
3 6 b 2 .4 1 11 5 +4 2 1 . 6 1 114 +4 8 9 . 3 3
36 c 2.  56 109 +4 6 1 . 7 7 94 +54
S i t e  4 (S 14 °1 6 . 3 2 " w 1 7 0 ° 3 4 13 3 " )
3 7 a 0 . 7 4 260 + 28 0 . 5 4 261 +72 1 7 . 6 8
37 b 0 . 7 1 184 +42 1 . 1 2 191 +24
S i t e  5 (S 14 °1 6 r 3 i  »» w 1 7 0 ° 3 4 ‘4 3 " )
3 8 a 0 . 5 9 30 +65 0 . 0 8 24 -3 1
38 b 1 . 0 4 350 +55 0 . 7 6 12 +10 1 8 . 5 4
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APPENDIX 7 (b)
SAMOA -  PILOT SPECIMEN DEMAGNET IZAT ION
I n t e n s  i t  i e s ( m) i n  e-■ m . u . / c c . x 10’ 3
A p p l i e d f i e l d  i n o e r s t e d s ( p e a k  v a l u e )
0 75 150 225 300
AOPO (1760 )  
S p e c i m e n  17a
M 0 .61 0 . 4 8 0 - 3 6 0 . 2 5
D 131 11 4 8
I  - 1 5 - 5 8 - 6 0 - 6 0
S p e c i m e n  19a
M 6 . 3 2 5 . 3 8 3 . 5 7 2 . 4 6 1 .74
D 6 9 8 8 9
I  - 1 0 - 1 3 - 1 9 -14 - 1 5
S p e c im e n  19b
M 4 . 6 2 2 . 8 9 2 . 1 3 1 . 4 6
D 10 7 6 7
I  - 2 4 - 2 9 - 2 5 - 2 4
S p e c im e n  20a
M 5 - 0 8 4 . 2 3 2 . 9 3 1 . 6 6 1 . 2 9
D 6 3 6 7 3
I  -1 4 - 1 3 - 8 - 1 0 - 9
S p e c im e n  20b
M 4 . 9 5 3*08 2 .11 1 .4 0
D 355 5 2 357
I  - 1 7
FAGALOA (SAVAI' 11
-1 3 - 1 4 - 1 4
S p e c i m e n  6b
M 1 . 8 5 0 . 6 2 0 . 4 6 0 . 3 3 0 . 3 2
D 338 348 354 0 2
I  - 4  5 - 2 7 - 4 0 - 4 4 - 4 0
S p e c i m e n  8b
M 1.41 0 . 8 0 0 . 5 3 0 - 3 8 0 . 2 6
D 5 342 355 354 350
I  - 2 8 - 2 7 - 3 8 - 3 6 - 3 0
S p e c im e n  9a
M 1 .8 9 0 . 6 0 0 . 8 3 0 . 2 4
D 19 0 22 277
I  - 3 5 - 5 0 - 6 8 +1
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A p p l i e d f i e l d i n  o e r s t e d s (peak)
0 75 150 225 300 450
Specimen 10a
M 2 .9 7 0 .61 0 . 7 7 0 .3 4 0 . 7 6
D 341 346 29 290 313
I - 3 - 2 9 +13 +33 - 2 2
Spec imen 11a
M 2 . 8 8 1 . 6 8 0 . 4 5 0 . 5 7 0 .7 4
D 8 40 49 340 52
I - 3 5 -24 -3 5 +19 - 4 5
Specimen 11b
M 2 . 8 2 0 . 6 5 0 . 3 3 0 . 4 7
D 8 56 41 0
I - 3 9 -1 0 +3 - 5 6
FAGALOA (UPOLU)
Specimen 85b
M 0-31 0 . 5 2 0*52 0 . 5 0
D 76 92 201 152
I - 1 0 +63 +36 +18
Spec imen 88b
M 1.71 1 .5 6 0-74 0-32 0 . 2 0
D 165 175 172 170 113
I + 24 +1 6 +14 +14 +29
Specimen 92b
M 4 . 3 5 3-74 3 .03 2 . 5 6
D 8 7 8 12
I - 2 0 - 2 8 -31 -34
Spec imen 94b
M 3.11 2 . 5 5 0 . 9 6 0 . 5 2 0 . 4 8 0 . 5 9
D 199 213 190 183 189 114
I +36 +28 +27 +36 +32 +4 5
Specimen 95a
M 2.01 1.01 0 . 9 8 0 . 5 8 0 . 5 4
D 338 320 298 314 295
I - 2 2 - 3 0 -23 -37 -2 3
Specimen 101a
M 1 . 6 3 0-41 0 . 3 6 0 . 2 2 0 . 2 2 0 . 2 2
D 24 41 124 21 25 137
I - 2 5 -4 3 -51 - 4 9 -2 3 +17
TAPUTAPU
Specimen 60a
M 1 .36 2 .1 0 0 . 2 6 0.31
D 341 267 13 73
I +25 -4 +31 +56
400
300
A p p l ie d  f i e l d  i n  o e r s t e d s  (p eak )  
0 75 150 225
Spec imen  61b
M 1 .54 0 . 1 9 0 . 2 0 0 . 3 9
D 294 266 88 84
I + 25 -4 +31 + 56
PAGO ( E x t r a c a l d e r a )
Specimen 50a
M 4 .1 7 3 .1 3 2 .3 8 1 .74
D 175 177 178 173
I +43 +47 +45 +36
Specimen 50b
M 4 . 5 6 4 .34 3 .2 3 2 .2 9 1 .73
D 175 176 181 176 189
I +37 +35 +35 +35 +31
Spec imen 51a
M 0.51 0 . 4 8 0 . 3 9 0 . 2 9 0 .14
D 197 189 1 90 227 203
I +43 +4 2 +54 + 16 + 52
Specimen 5 1 b
M 0-43 0.11 0 . 1 5 0 .1 7
D 176 223 187 207
I +44 +15 +47 +35
Spec imen 54a
M 1 . 1 2 0 . 7 5 0 .3 4 0 . 3 9 0 . 2 9
D 1 90 199 274 201 204
I + 20 +34 +40 + 54 +14
Spec imen 54b
M 1 .41 0 . 1 5 0.51 0 . 4 2
D 1 96 348 177 178
I + 19 -3 5 +70 -24
Spec imen 56a
M 0.71 0 . 6 0 0 .3 4 0 . 2 9 0 . 1 8
D 200 191 1 96 182 190
I + 26 +28 + 28 +22 +25
Spec imen 56b
M 0 . 6 2 0 . 3 7 0 . 2 3 0 .2 4
D 228 242 30 178
I + 17 +39 +88 +39
PAGO ( i n t r a c a l d e r a )
Spec imen 75a
M 0 . 6 0 0 . 1 3 0 . 3 0 0 . 2 6 0-21
D 332 32 302 318 302
I - 2 6 -2 0 - 5 - 9 -15
401
A p p l i e d f i e l d  i n o e r s t  e d s ( p e a k )
0 75 150 225 300 4 50
S p e c i m e n  75 b
M 0 . 7 9 0 . 6 7 0 - 7 4 0 . 5 1 0 . 0 2
D 249 46 3 5 0 30 107
I + 22 - 4 7 - 7 - 1 4 - 7
S p e c i m e n 7 6 a
M 1 . 5 5 0 . 3 0 0 . 5 8 0 . 6 2
D 1 67 182 144 190
I - 6 +3 + 25 - 1 6
S p e c i m e n 5 7 a
M 0 - 5 0 0 . 7 2 0 - 5 2 0 . 2 0 0 . 3 4
D 197 199 212 195 203
I +25 +2 +19 - 1 9 + 24
S p e c i m e n 70b
M 0 . 6 5 0 . 6 2 0 . 3 0 0 . 3 4 0 . 2 6
D 115 171 182 1 51 1 56
I +43 + 35 +38 +39 +33
S p e c i m e n 7 1 a
M 0 . 5 2 0 . 1 4 0 . 3 9 0 . 1 1
D 82 260 266 16
I +14 +55 + 28 - 4 5
S p e c i m e n 7 2 a
M 0 . 5 5 1 . 4 8 0 . 5 7 0 . 3 5
D 61 84 47 337
I - 3 3 - 1 2 - 4 +38
S p e c i m e n 72 b
M 0 . 8 7 0 . 2 4 0 . 2 1 0 . 3 9 0 . 2 4 0 . 3 3
D 40 15 352 69 314 18
I -1 1 +4 8 +68 0 - 6 2 - 5 6
ALOFAU
S p e c i m e n  4 1 a
M 0 . 8 7 0 . 8 3 0 . 4 7 0 . 4 0 0 . 1 7
D 182 186 189 195 189
I +16 +5 +5 +30 - 2 3
S p e c i m e n  41 b
M 0 . 9 9 0 . 5 3 0 . 5 3 0 . 2 7
D 178 184 1 92 1-72
I +9 +7 +54 - 2 9
S p e c i m e n  4 4 a
M 1 . 2 3 0 . 9 6 0 . 3 0 0 . 3 0 0 . 3 1
D 170 1 81 1 98 189 228
I +43 +30 +49 +38 + 56
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0
A p p l ie d  f i e l d  i n  o e r s te d s  (peak)
75
Specim en 44b 
M 1 .75
D 178
I  +40
Specim en 47a 
M 5 .70
D 216
I  +48
150 225 300
0 .6 0 0 .4 2 0 .4 4
207 142 200
+27 -4 7 +35
4 .4 7 3 .2 9 2 .27
221 271 221
+37 +47 +46
Specim en 47b
M 4 .8 9 5 .1 0 3 .5 6 2 .2 2 1 .6 2
D 212 181 179 178 206
I  +46 +47 +48 +47 +47
Specim en 48a
M 5-35 5.31 3 .7 0 2 .54 1.81
D 190 186 188 186 186
I  +39 +39 +38 +39 +39
Specim en 48b
M 5 .7 0 4 .3 7 3 -0 8 2 .03
D 185 186 203 184
I +36 +37 +21 +38
0L0M0ANA
Specim en 35b
M 1 .7 9 0 .2 2 0.21 0 -2 7
D 208 192 201 204
I +22 +28 +13 +38
Specim en 38b
M 1 .04 0 .7 6 0 .0 7 0 .21
D 350 12 304 243
I +55 + 10 +35 -5 8
403
APPENDIX 8 (a)
TONGA -  SPECIMEN DATA
T r e a t e d  i n  225 o e r s t e d s  (peak )  a l t e r n a t i n g  f i e l d  
I n t e n s i t y  (m) and s u s c e p t i b i l i t y  (x)  a r e  i n
e .m .u -  x 10 / cc •
I N I T I A L T R E A T E D
S pec .  No. M D I M D I X
'EUA
P r e -  Uppe r  Eocene Dykes (s 21 ° 2 5 1 W 1 7 4 ° 5 5 ' )
Main Dyke
2a 0 . 8 9 110 +33 0 . 7 2 110 +41 6-21
2b 1 .22 1 27 + 25 1 . 1 2 1 31 +35
2c 1 .70 153 0 1 .36 1 24 +40
3a 4 . 4 5 102 + 11 1 .46 134 +35 3.31
C e n t r a l  Dyke
1 a 1 .45 140 +48 0 .5 3 134 +39 12 .43
1b 0 . 7 5 1 27 + 61 0 . 8 0 11 2 +30
N o r th e r n Dyke
4a 0 . 2 8 11 2 + 52 0 .3 4 90 +4 5
4b 0 .2 3 149 + 27 0 . 3 2 147 +50 4 . 1 0
4c 0 . 3 3 145 +28 0 . 3 7 149 +29
5a 0.21 17 -6 0 . 1 6 142 +52 2.51
5b 0 . 2 2 32 -2 9 0 . 1 2 117 +45
5c 0 . 1 9 30 -2 8 0 . 1 5 117 + 56
6a 0 .5 4 8 -43 0-11 25 6 +47 4 . 6 9
6b 0-40 8 -25 0 . 1 0 30 +49
6c 0-45 3 -28 0 . 0 8 27 +6
HUNGA TONGA (s 2 0 ° 3 3 ' W 175°30 *)
S o u t h e r n S i t e
7a 8 .9 9 8 -32 4-16 11 - 3 6 3 2 . 3 9
7b 9 .74 0 -33 4 . 0 2 9 -3 9
8a 42 57 32 -36 32-04 44 -3 9 1 9 .17
8b 47-03 33 -44 31 64 38 -45
8c 44-15 28 - 2 8 32-33 29 -3 2
9a 29-90 11 - 1 2 1 8 .7 2 17 -14 0 . 4 0
9b 32-74 25 -13 21 -48 18 -21
404
XI N I T I A L T R E A T E D
S pec .  No. M D I M D I
N o r t h e r n S i t e
10a 211 .85 20 - 1 8 26.81 34 - 2 2
10b 193-33 14 -2 9 22 85 26 - 2 9
10c 193 .33 2 -26 19-64 49 -2 2
TOFUA (S 19 ° 4 5 ' W 175 ’ 0 5 ' )
12a 4 3 .4 2 36 -13 20 90 40 -17
1 2b 52-48 40 -24 1 5 .10 32 -2 6
1 2c 4 9 .2 6 1*0 -1 2 21 .1 5 24 -14
1 3a 11 .93 24 - 2 2 2.21 29 -24
13b 26 .65 22 - 2 2 4 .9 4 20 - 1 8
14a 58 .70 21 -2 9 3 0 .5 5 22 -2 6
14b 50 .13 26 - 2 5 27 .85 25 -20
15a 6 5 .3 8 355 -47 14 .30 356 - 4 8
15b 7 1 . 4 8 30 -60 9-36 23 -5 6
1 6a 3 2 .0 2 13 -1 6 1 2 .8 6 16 -20
1 6b 36 .00 17 +8 11 .31 9 -1 9
2 * 64
5-95
12 . 56
6.61
13*88
5 .2 9
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APPENDIX 8 (b)
TONGA -  PILOT SPECIMEN DEMAGNETIZATION
*
I n t e n s i t i e s  (m) i n  e « m . u . / c c *  x 10 
A p p l ie d  f i e l d  i n  o e r s t e d s  (peak)
0 75 150
JJBIJA
Specimen l a
M 1 o45 1 .10 0.71
D HO 132 121
I  +48 +38 +40
Specimen 2b
M 1 o22 1 .25 1 . 20
D 127 1 29 134
I +25 +23 +33
Specimen 3a
M 4*45 2.94 10 99
D 102 110 1 28
I +11 +33 +38
Specimen 4b
M 0 . 2 3 0.31 0 . 3 6
D 149 153 1 52
I  +27 +40 +34
Specimen 5a
M 0 .21 0 .1 3 0.11
D 17 46 60
I - 6 +6 +52
Specimen 6a
M 0 . 5 4 0 . 2 6 0 . 0 9
D 8 0 352
I  - 4 3 -4 2 +23
HUNGA TONGA 
Specimen 7 a
M 8 . 9 9 7-25 5 ® 21
D 8 356 344
I +3 2 +30 '"5
Specimen 8 a
M 42o 6 43 ° 1 41 .0
D 32 37 40
I - 3 6 -3 8 - 3 9
225 300 450 600 750
0 . 5 3 0 -4 8 0 . 3 0
134 127 147
+39 +30 +40
1.12 0 . 9 0 0 . 5 6 0 . 2 6
1 31 126 1 50 96
+35 +36 +25 +43
1 «46 1 .23 0 . 9 7
134 110 1 58
+35 +47 +39
0 . 3 2 0.31 0 . 2 6 0 . 1 8 0 .1 4
147 159 158 157 1 64
+50 +41 +39 +36 +34
0 . 1 6 0 . 2 3 0 . 3 8 0 . 3 2 0 . 2 3
142 145 145 1 56 156
+ 52 +54 +52 +50 +57
0 . 11 0 .08 0 . 0 2
256 267 274
+47 +61 + 60
4 . 1 6 3 .2 7 1 .8 2
11 11 14
-10 "36 - 3 5
3 2 . 0 21 «9 8 .4 3
44 41 46
- 3 9 -3 7 -4 0
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0
A p p l i e d
75
f i e l d  i n  
150
o e r s t  e d s  
225
( p e a k )
300 4 5 0
S p e c i m e n
M
9 a
2 9 - 9 2 9 - 2 2 4 - 5 1 8 - 7 1 3 . 6 7 . 0 0
D 11 14 13 17 17 16
I - 1 2 - 1 3 - 1 2 - 1 4 - 1 4 - 1 4
S p e c i m e n
M
1 0 a
2 1 2 . 1 4 1 . 6 1 . 2 2 6 . 8 1 2 . 7 4 . 8 9
D 20 31 34 34 34 33
I - 1 8 - 2 0 - 1 8 - 2 2 - 1 9 - 1 8
TOFUA
S p e c i m e n
M
1 2 a  
43*4 3 9 - 6 3 1 . 3 2 0 . 9 1 3 . 6 5 . 8 2
D 36 34 34 40 40 34
I - 1 3 - 1 4 - 1 6 - 1 7 - 1 7 - 1 5
S p e c i m e n
M
1 3 a
1 1 . 9 8 . 5 1 3 - 6 6 2 . 2 1 1 . 4 6 0 . 7 6
D 24 24 22 29 22 21
I - 2 2 - 2 3 - 2 0 - 2 4 - 2 3 - 2 0
S p e c i m e n
M
1 4 a
5 8 . 7 5 2 . 5 4 0 * 6 3 0 . 5 2 2 . 3 9 .2 1
D 21 21 21 22 19 24
I - 2 9 - 2 7 - 2 8 - 2 6 - 2 4 - 2 3
S p e c i m e n
M
1 5 a  
6 5 - 4 4 2 . 4 2 2 . 3 1 4 . 3 9* 3 6 • 00 00
D 355 358 34 7 3 5 6 3 5 6 334
I - 4 7 - 4 9 - 4 7 - 4 8 - 4 6 - 4 6
S p e c i m e n
M
1 6 a  
3 2 . 0 2 9 - 2 2 1 . 3 1 2 . 9 8 . 0 4 3 . 1 5
D 13 12 5 1 6 15 9
I - 1 6 - 1 7 - 9 - 2 0 - 1 8 - 3 0
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APPENDIX 9 (a)
NEW HEBRIDES ~ SPECIMEN DATA
T r e a t e d  i n  37 and 150 o e r s t e d s  (p e a k )  a l t e r n a t i n g  f i e l d  
I n t e n s i t i e s  (m) and s u s c e p t i b i l i t i e s  (x) i n  e . m . u . / c c .  x 10
A p p l ie d  f i e l d  i n  o e r s t e d s  (peak)
0 37 150
Spec .  No • M D I M D I M D I X
S i t e  1 - EE ATE (S 17° 40 ;?00" E 168° 1 5 100")
See Appendix 9 (b)
S i t e  21 - TONGOA (S 16° 55 J00" E 168° 30 1 25")
2a 5-36 350 -1 3 4.. 9 7 347 -21 3-34 355 -20
2b 4.71 358 -2 2 4 -.28 347 -21 3 . 0 9 356 -17 5- 04
3a 4 . 7 9 4 -22 4.*63 4 -1 8 3 .2 0 1 -22 5- 73
3b 3-04 6 -2 5 1 ■•69 6 -19 1 . 7 2 2 -21
4 a 6*19 320 -1 8 6-•03 329 -2 2 3 .0 7 327 -1 8 6- 22
4b 6.01 284 -2 0 5..41 285 -20 4 . 2 8 285 -24
S i t e  z " ~ TONGOA (S 1 6° 5 5 ’00 " E 168 0 03 O r\j VJl
5a 4 . 4 9 11 -1 7 3«.86 8 -19 2 .52 8 -1 9 7. 77
5b 5 • 2? 10 “ 20 4.*67 1 2 -21 3 . 27 9 -24
6a 5 .4 0 2 -21 4..94 357 -22 3 - 80 356 -21 5. 77
6b 5 .1 8 5 - 2 6 5..03 354 - 2 2 3 .6 5 354 -24
7a 6 .6 2 359 -21 5..22 357 -24 4 .5 4 353 -2 2 5. 99
7b 6.84 3 -2 7 5..47 357 -2 2 4 . 6 1 0 -24
S i t e  3' - TONGOA (S 16° 54'’30" E 1 68° 30 ' ' 20" )
8a 3 .2 2 2 - 1 6 3-.08 2 -20 2 .2 6 i -1 6
8b 3 .27 3 -1 6 3-.13 359 - 1 5 2 .35 1 -15
9a 3*40 10 -33 2..86 1 6 -2 6 2 .0 6 26 -34 5. 47
9b 3 .0 9 7 -2 6 2..21 15 -26 1.11 29 -1 9
10a 3-76 356 -1 5 3..13 0 -1 3 2 .33 3 -11
10b 3 .63 357 -11 3..13 355 -11 2.21 356 »10 5. 53
S i t e  3 " - TONGOA (S 16° 54 130" E 1 68° 30 520")
11a 7-62 11 “ 20 7. 60 19 -18 5 .57 9 ■-21 3. 69
11b 7 .9 4 15 -2,1 7- 70 19 -17 5 .7 6 12 -21
1 2a 4 . 4 5 356 -6 4.,26 351 -7 2-77 351 -4
12b 4 .2 7 357 - 9 4 - 19 355 -7 2 .9 0 353 -1 5- 63
13a 2 .4 0 1 -34 1 .• 88 354 -34 0 . 5 5 15 -3 2 7. 21
1 3 b 2 .3 0 2 -47 1 ■>92 0 “ 35 0 . 6 8 6 -31
408
A p p l i e d  f i e l d  i n  o e r s t e d s  (peak)
0 37 150
S pec .  No • M D I M[ D I M I) I X
S i t e  4 - LOPEVI (S 16 ° 3 0 ' 00" E 168° 1 9 5 00")
H a 8 . 3 3 9 -2 0 8 . 32 9 -21 6 .39 11 -1 8 2.■ 60
14b 6 .2 5 4 -21 6. 14 6 -2 0 3-87 7 - 1 9
15a 7 -2 2 29 - 3 9 4 . 08 30 -40 5.03 24 -34 1 . 65
15b 8 . 8 2 15 -4 2 8. 38 12 -4 8 6.87 15 -43
1 6a 6.31 19 -24 6. 27 24 - 1 8 3-95 1 57 +58
1 6b 6 .8 2 17 - 2 6 3. 89 22 -2 9 4-23 15 -2 5 5-.83
S i t e  5 - LOPEVI (S 16 ° 3 0 !05" E 168° 19*05")
17a 5-00 358 -34 4. 91 359 -2 8 3 .1 9 358 “ 25 2.■93
17b 8 .1 4 3 -32 8. 02 2 ” 35 5.61 3 -34
1 8a 14-76 7 -35 13- 56 6 -34 9.73 5 “ 33 2..07
18b 10-00 4 “ 38 1 0 . 15 2 -35 7 . 5 7 3 -37
S i t e  6 - PAU UMA (S 16 °25 !00" E 168° 1 5 j0 0 " )
19a 3 . 1 9 68 +38 2. 42 68 +32 1 .87 71 +36 3--39
1 9b 3 . 0 9 77 +37 2. 66 75 +29 2.01 73 + 28
20a 2 . 3 5 341 - 8 2. 30 339 -1 2 2.24 343 “ 3 2..76
20b 2.51 339 -1 0 2. 23 338 - 6 2 .2 8 343 -5
21a 2 .3 7 337 -4 0 1 . 87 324 - 2 6 1 .03 339 - 2 6
21b 1 .86 359 -40 1 . 65 325 -23 0 . 2 6 18 “ 27 3.»51
22a 2 .74 352 -7 2. 1 2 354 -1 5 1 .19 353 -1 6 4.*05
22b 2 .64 5 -2 5 1 . 90 356 -1 2 1 »01 344 - 2 0
S i t e  7 - AMBRYM (S 16 °1 3 !30" E 167° 55*30")
23a 14.51 14 -25 12. 93 15 -30 1 1.12 7 -2 7
23b 1 4 .5 0 16 -27 11 . 79 16 -26 9 .5 2 18 - 1 9 4..84
24 a 1 7 .6 3 356 -2 9 16. 99 6 - 2 8 1 2.91 10 -2 2 4.»51
24b 1 0 . 7 6 2 -39 8. 52 4 -2 6 5*38 3 -2 3
25a 2 4 .0 5 39 - 2 22. 44 39 -1 1 5 .2 8 53 +8
25b 2 0 .9 2 13 -50 20. 10 5 -4 5 13.41 5 -4 5 3«,62
26a 4 9 .4 7 29 -54 43 . 29 36 -5 9 2 5 .30 37 - 5 5 3«»32
26b 45 .11 26 - 4 8 37. 86 25 -51 2 8 .3 2 41 - 5 6
27a 1 4 .8 9 4 -21 12. 95 6 -1 8 13 .30 3 - 1 8 4 -• 31
S i t e  8 - AMBRYM ( c o a r s e t u f f ) ( s 1 6°12 !40" El 167r°56 1'00" )
28a 0 .21 7 “ 37 0 . 47 30 + 27 0 .1 4 17 - 4 8
28b 0 . 1 2 9 -33 0 . 10 358 -3 6 0 . 0 7 332 - 1 7 7 <.57
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A p p l ie d  f i e l d  i n  o e r s t e d s  (peak)
0 37 1 50
S p ec .  No • M D I M D I M D I X
S i t e  9 - AOBA (S 15 °21 '00 ' ’ E 167°51 ’30")
29a 18 .47 313 -40 18,.84 318 -3 8 16 .20 318 -35 1 .•51
29b 15 .73 318 -4 0 15-. 69 305 -41 1 3 .6 0 305 -3 8
30a 3 .0 9 328 “ 47 3 -.02 358 -4 0 2.41 6 “ 35 1 ..18
30b 2 .67 311 >45 2,.28 1 -4 9 1-95 2 - 3 9
31a 1.14 300 -50 1 ,.72 329 -41 0 . 9 3 342 “ 47
31b 1 .01 276 -4 6 1 ,.68 348 "44 , 0 . 4 8 334 -24
32a 9.31 323 -20 3 ■.63 329 -2 2 2 .8 7 31 6 - 1 8 4-.97
32b 10.41 327 -14 4..43 334 - 1 5 0 . 6 8 346 -1 6
S i t e  10 -  AOBA (S 15 °24 !00' ' E 167°43 ’0 0 ” )
33a 2 .6 8 2 -24 1 .88 1 -1 0.81 355 +3 5-.50
33b 2 .23 344 - 6 1 ,.83 354 -7 0 . 7 6 357 - 5
34a 2.64 2 “ 3 1 ,.67 0 -1 0 . 6 5 1 2 - 5 5«. 6 6
34b 2 .4 5 351 -13 2..00 353 - 2 0 . 5 6 9 -1 5
35a 2 .3 2 342 -3 6 1 ,• 65 358 -23 0 . 3 8 0 +13 6 .-55
35b 2 .1 8 354 - 1 2 1 ,• 34 346 + 6 0 . 4 2 9 « 4
36a 1 .77 346 -10 1 ,• 42 349 -3 0 0 . 4 2 6 +11 5.• 56
36b 2.41 339 -27 1 ,• 52 345 -2 5 0 . 4 3 0 -5
37a 2 .50 341 -1 0 2,.23 342 +4 0 . 7 9 347 +2 5.,89
37b 2 .3 6 341 -7 1 ..70 329 + 10 0 . 5 3 337 +16
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APPENDIX 9 (b )
NEW HEBRIDES -  PILOT SPECIMEN DEMAGNETIZATION
I n t e n s i t i e s  i n  e m u./cc. x 10
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APPENDIX 10 (a)
FIJI - SPECIMEN DATA
Treated in 150 oersteds (peak) alternating 
Intensity (m ) is given in e.m.u. x 10 /cc« 
Susceptibility (x) is given in e.m.u. x 10
I N
Spec. No. 
THUVU SERIES
M
Site 19
43a 100
43b 97
MBA VOLCANICS
Site 4 6
98a 644
98 b 839
100a 873
100b 4 67
Site 47
101a 340
101b 261
102a 692
102b 890
103a 744
103b 611
Site 48
104a 556
104b 620
Site 49
106a 1081
106b 1316
107a 1889
107b 1650
108a 2059
108b 1817
Site 50
109a 1816
110a 2141
110b 2039
I T I A L 
D I
(S 18O12'20" 
318 “7
325 -16
(S 17°33,05m 
82 +15
86 +10 
74 -8
69 +22
(S 17°32,40" 
69 +81 
353 +28
20 -60 
13 -55
64 -43
39 -49
(S 17°32'35m 
129 -34
120 -21
(S 17°26’35” 
353 -38
336 -37
357 -50
357 -48
340 -47
342 -45
(S 17°33 *45” 
333 -26
319 +2
320 +4
T R E A T E D
M D I
E 177°42,15n)
9 295 -2
5 356 +9
E 177°31,10")
141 142 +15
69 142 +21
137 138 +16
136 115 +24
E 177°31'30")
81 199 +4
69 240 +30
3402 256 -58
7a 315 -34
306 73 +23
235 44 +56
E 177°311-35«.)
151 329 -36
92 44 -75
E 177°46,20m)
635 341 -43
822 332 -45
1540 357 -52
1350 357 -50
1820 335 -46
1570 333 -47
E 177°37 *45«»)
1330 332 -30
930 323 +3
960 323 +2
field
3//cc.
X
1.13
0.68
5.13 
5.51
4.78
4.23
2.87
1.89
1.06
18.35
4.61
414
Spec. No x
I N I T I .A L T R E A T E D
. M D I M D I
S i t e  51 ( s  17 °33' 40" E H -J -4
O
-£
■> O
111a 1111 329 «-34 750 330 -37
111b 1141 329 ■-23 800 333 -28
112a 555 343 ■-41 98 347 -31
112b 720 340 -33 120 329 -3 0
113a 1094 331 -35 800 338 -37
113b 1081 331 -35 770 336 -3 6
S i t e  52 ( s  17 °33> 45" E 1 7 7 °3 7 '20")
114a 42377 140 -69 15810 137 -7 5
114b 35858 278 -73 14340 282 -69
S i t e  53 (S 17 °33' 35" E 1 7 7°37’ 00")
115a 560 29 -1 0 67 51 -77
115b 406 37 - 2 7 80 51 -5 2
116a 130 347 -74 43 9 -58
116b 278 339 -30 791 32 -48
S i t e  54 (S 17 ’ 33' 30" E 177°36‘ 50")
117a 2004 143 +26 2086 150 +25
117b 1744 137 +30 1 8 5 0 137 +36
118a 416 124 -4 1 228 154 +21
118b 670 1 3 6 -3 9 93 145 +15
S i t e  55 (S 17 ° 3 3 '130" E 1 7 7 °3 6 1'45")
119a 72 2 109 -2 9 290 1 3 6 +19
119b 590 112 - 6 256 133 +17
S i t e  56 (S 17 ° 2 2 1' 20" E 1 7 8 °0 4 1>50")
1 2 0 a 11 220 - 2 0 7 175 - 2 0
121a 17 180 +3 16 164 +5
S i t e  57 (S 17°22l 3 40" ]3 178°06'40")
122a 1270 202 +7 840 208 +11
122b 1 6 5 8 203 +12 860 205 +10
123a 666 204 +17 551 206 +13
124a 270 163 -27 46 196 -3 6
124b 432 136 +6 54 181 +12
S i t e  58 (S 17 °22 '10" E 1 7 8 °1 5 1’05")
125a 525 138 -5 181 149 +41
125b 604 143 +3 162 157 +2 6
126a 1014 149 +20 920 162 +36
126b 992 151 +14 910 56 +24
SUVA SERIES
S i t e  1
1—
1
0
0001—1 
CO ’35" E 178*26’ 30")
6a 88 326 -29 44 321 -1 9
6b 1 94 305 -26 28 330 - 9
6b 2 62 0 -1 6 34 335 -2 1
"2—
3.47
5-79
2 .79
3 .7 8
5.44
3-03
3 .62
6.17
6 .1 2
0 .04
0 .04
3 .55
2.64
3 .78
2 .79  
1 .5 9
0 . 0 0
415
I N I T I  A L T R E A T E D
S p e c .  No- M D I M D I X
S i t e  5 (S 1 8 ° 1 0 ' 4 0 " E 17 8 ° 1 3 ' 5 5 " )
20a 76 2 +5 18 76 - 1 0 0 . 5 3
S i t e  12 (S 1 8 ° 1 3 ' 5 0 " E 1 7 7 ° 4 8 ' 10" )
3 2 a 95 3 5 5  - 4 3 12 347 - 2 7 0 . 1 0
32b 54 3 4 9  - 3 6 7 333 - 3 6
S i t e  13 (S 1 8 ° 1 3 *45" E 1 7 7 ° 4 6 ' 4 0 " )
3 3 a 4 3 H 92 - 1 0 3 6 3 0 98 - 5 1 . 1 3
S i t e  14 (S 1 8 ° 1 3 130 " E 17 7 ° 4 6 ' 1 5 " )
3 5 a 174 81 - 2 5 89 71 - 8 0 . 0 8
35b 117 102  - 6 1 23 34 - 7 8
S i t e  15 (S 1 8 ° 1 3 ' 2 0 " E 1 7 7 ° 4 5 ' 2 5 " )
3 6 a 558 81 - 6 9 320 109 - 6 0 1 .8 1
36 b 550 101 - 7 2 34 0 153 - 6 7
S i t e  16 (S 1 8 ° 1 3 ' 2 0 " E 17 7 ° 4 5 '' 1 5 " )
3 7 a 806 84 - 1 9 390 88 -21 0 . 8 3
37b 64 42 - 1 7 1 2 154 - 3 4
S i t e  43 (S 1 7 ° 4 8 '4 5" E 17 7 ° 3 4 ’' 4 0 " )
8 2 a 504 279 - 3 2 505 41 -21
8 2 b 287 313 - 6 4 1 69 72 - 8 6 . 4 2
SUVA SERIES c o n t  ' d -  SAMBETO VOLCANICS
S i t e  44 (S 1 7 ° 4 2 ' 2 0 " E 17 7 ° 2 5 '45 '»)
9 3 a 228 225 - 5 0 71 68 - 7 3 6 . 5 4
93b 190 140  +10 131 139 +10
S i t e  45 (S 17 ° 4 0 ' 3 0 " E 1 7 7 ° 2 5 . 4 5 " )
94 a 1 536 3 335 - 2 2 6250 333 - 1 8 0 . 2 3
94b 1 5 3 1 9 338  - 2 0 64 60 333 - 1 8
9 5 a 26380 1 - 2 5 23510 3 5 9 - 2 5
CO•O
95b 2 7 5 1 0 1 - 2 5 2 4 1 4 0 1 - 2 6
9 6 a 3 0 3 9 6 331 - 6 24 7 7 0 33 2 - 6 0 . 3 8
KOROIMAVUA (Mau Q u a r r y )
S i t e  4 (S 1 8 ° 1 1 ' 0 0 " E 17 8 ° 1 4 ' 3 5 " )
1 5 a 262 20 +30 48 210 +65 3 . 6 2
1 5b 297 25 +53 92 195 +61
1 6a 552 1 8 8  +37 129 199 +51 3 . 1 0
1 6b 503 191 +40 165 193 +65
1 7 a 209 3 +14 42 210 +56 3 . 1 0
17b 1 68 17 +2 85 184 +50
1 8 a 1 52 193 +26 26 1 9 0 +1 2
00
18 b 236 250 +42 49 199 +44
1 9 a 225 172  +22 81 209 + 59 3 - 7 8
1 9b 175 177 +25 90 21 6 + 67
416
XI N I T I A L  T R E A T E D
Sp e c .  No-  M D I  M D I
THOLO FORMATION
S i t e  33 (S 18 ° 0 4 ' 5 5 M E 17 7 ° 3 2 ' 2 0 " )
66a 9 8 - 3 5 5 342 - 4 8 0 . 3 8
66b 9 22 - 2 0 4 356 - 3 3
67a 22 64 - 5 2 5 237 - 6 8 0 - 3 8
67b 20 41 - 5 7 10 7 - 7 0
68a 56 47 - 6 0 4 54 - 2 0 1 . 0 6
68b 82 67 - 5 9 9 84 - 2 0
69a 155 137 - 4 7 12 218 - 6 7 1 .28
69b 96 110 - 4 4 268 8 +72
S i t e  34 (S 1 8 ° 0 7 ' 0 5 m E 17 7 ° 2 5 ' 0 5 " )
7 4 a 40 347 +30 4 74 - 4 6 0 . 3 0
74b 45 354 +23 5 79 - 4 0
S i t e  35 (S 18°0 6  * 4 0 ” E 17 7 ° 2 4 ' 2 5 " )
7 5 a 975 171 +6 175 141 -1 4 2 . 8 9
75b 1102 167 -1 443 150 - 8
S i t e  41 (S 17 ° 4 9 ' 4 0 M E 17 7 ° 3 2 ’ 2 0 M)
8 5 a 7 73 +57 7 109 +63
85b 10 103 +63 504 107 +65
86a 194 242 +49 4 64 235 +47 0 . 9 8
87a 1 63 266 +21 29 45 -2 4 0 .91
88a 697 95 - 1 3 62 347 - 4 4 4 . 6 8
88b 342 86 -1 4 39 19 - 6 4
90a 582 266 +63 311 132 +82 2 . 1 9
SAVURA
S i t e  2 (S 18 ° 0 4 ’ 55" E 17 8 ° 3 0 1'0 0 " )
7 a 3471 212 - 6 6 1990 207 - 6 3 2 . 7 9
7b 3735 201 - 6 2 2310 203 - 6 0
8 a 879 185 - 6 3 630 182 - 5 7 0 .9 1
8b 1099 210 - 6 5 800 195 - 5 9
9a 1011 130 - 7 9 470 177 - 6 9 3 . 6 2
9b 1120 184 - 5 0 560 193 - 2 9
10a 5471 198 - 7 5 4250 203 - 7 3 3 . 1 7
10b 5273 201 - 8 2 4150 214 - 7 7
11a 407 188 -21 283 94 - 4  6
11b 54 5 172 -1 4 202 243 - 5 5
11c 457 177 - 2 3 300 57 - 6 4 4 . 8 3
1 2a 666 112 - 3 0 140 26 - 2 9 4 . 7 6
1 2b 704 76 - 2 5 380 296 - 5 8
417
I  N I  T I A L
S p e c .  No* M D I
S i t e  3 (S 18i°03 14 0 "
1 a 4 90 255 + 50
1b 7 6 6 276 +48
2 a 8 3 6 71 - 2 5
2b 914 72 - 3 1
3 a 865 201 - 9
3b 11 24 81 - 4 5
4 a 457. 1 56 - 6 2
5a 4 0 8 269 -11
5b 317 235 - 1 8
SINGATOKA SERIES
S i t e  26 (S 1 7 °  5 5 ' 0 0 ”
5 1 a 7 7 2 337 - 2
5 1 b 7 2 0 344 - 4
5 2 a 633 2 - 3
52b 751 3 5 9 + 1
S i t e  27 (S 1 7 ° 5 7 ' 0 0 M
5 3 a 186 77 - 6 4
53b 1 90 95 - 4 8
5 4 a 143 32 +1 2
54b 86 64 + 1 2
S i t e  28 (S 1 7 ° 5 8 ' 0 5 "
5 5 a 225 10 - 3 8
55b 255 15 - 4  9
S i t e  29 (S 17 ° 5 8 150 "
5 6 a 155 50 - 1 8
56b 1 64 55 - 1 9
5 7 a 155 47 +66
57b 1 26 100 - 2
5 8 a 104 53 -31
58b 91 47 - 4 3
S i t e  30 (S 1 7 ° 5 9 ' 1 0 "
5 9 a 140 359 - 1 1
59b 1 51 0 - 3 2
6 0 a 272 7 -2 1
60b 27 6 0 - 1 4
61 a 130 10 - 5 8
61b 1 25 357 - 4 8
T R E A T E D
M D I X
17 8 ° 2 8 ’ 
54
4 5 " )
264 - 3 6 3 . 1 0
57 237 +22
330 97 - 4 3 2 . 4 9
350 101 - 3 4
1 90 101 - 4 5 2 . 8 0
1 50 61 - 3 2
63 222 - 3 5 3 . 6 2
21 295 +4
10 243 +24 3* 65
1 7 7 ° 4 4 ' 3 0 " )
88 347 - 2 7
44 352 - 2 3 1 . 5 1
82 11 - 2 7
50 3 - 2 5
1 7 7 ° 4 0 ' 5 5 m)
50 79 - 5 8 1 .81
51 93 - 4 8
42 51 - 2 6 2 . 1 9
40 53 - 5
17 7 ° 3 8 ' 4 0 M)
116 28 +11
96 6 - 4 4 0 . 9 1
1 7 7 ° 3 7 ’4 0 " )
33 44 - 2 1 . 3 6
37 46 - 4
40  64 +4 2
33 66 +4 6 3 . 4 0
341 4 2 - 2 8r~-CM - 2 4 0 . 8 3
17 7 ° 3 4 ' 3 0 ” )
51 4 - 3 7
62 2 - 2 7 0 . 5 3
124 11 - 3 5 1 . 3 6
13 2  3 - 2 6
72  351 - 5 4 0 . 8 3
72 0 - 4 8
418
XI N I T I A L T R E A T E D
Spec. No» M D I M D I
WAINIMALA SERIES
S i t  e 6 (S 18o 14 140" E 177°58 '45")
21a 1 65 1 58 -29 94 97 -15
S i t e  7 (S 18° 1 4 ' 30" E 17 7 ° 5 7 ’50")
22a 58 51 +17 18 44 +30
S i t e  8 (S 18°1 4 ' 40" E 177°57’15")
23a 275 193 +74 8 343 +29
24a 1 23 14 -86 20 74 -57
25a 12 267 -2 6 108 -17
25b 50 140 +73 24 107 +41
S i t e  9 (S 18i°1 5 110" E 177°54 '40")
26a 196 333 +37 42 324 ' +12
26b 196 5 +8 103 7 -23
27a 1 69 22 -4*9 34 19 -24
27b 238 45 -43 35 356 -64
S i t e  10 (S 18 ° 1 3' 45" E 1 77°51’35")
28a 54 70 -33 25 78 -32
28b 57 73 -30 26 73 -26
29a 358 81 -41 56 73 -37
29b 86 85 -41 17 70 -3
S i t e  11 (S 18 ° 13 ' 05" E 17 7 ° 5 0 '30")
30a 378 322 +21 39 30 -49
30b 361 339 +11 57 27 -26
3 1a 315 92 -73 74 33 -4 9
S i t e  17 (S 18
0! 12' 30" E 177°42 *40")
38a 1013 126 +18 139 77 +13
38b 1217 113 + 22 109 134 -62
39a 1 29 231 + 63 67 139 +30
39b 463 220 +55 82 137 +19
S i t e  18 (S 18 °1 2 '30" E 17 7 ° 4 2 '30")
40a 626 12 -19 307 358 -39
40b 578 5 -17 341 7 -25
41a 323 277 -65 148 186 -78
41b 299 279 -72 150 177 -67
42a 195 '328 -54 170 358 -66
4 2b 21 9 355 -35 194 18 -43
S i t e  20 (S 18 ° 1 2 '15" E 177°41 ’40")
44a 311 38 +47 35 52 +34
44b 311 47 +42 24 57 -1 1
45a 283 75 + 12 28 66 +3
45b 295 79 +1 9 33 57 +32
0 .4 5
0 .5 0
1 .01 
1 . 13  
0 .45
2.34
2.27
0.35
0 .1 9
3-47
3-47
3*78
2.57
3-17
2.57 
1 .28
1 -59 
1 .59
419
XS pec .  No.
S i t e  21 
4 6a
I N I T I A L  T R E A T E D
M D I  M D I
(S 18 ° 1 0 ' 5 0 "  E 1 7 7 ° 3 5 '2 5 " )
No m e a s u r e a b l e  moment
4 6b 1 109 -1 7 No .m e a s u r e a b l e  moment
S i t e  22 (S 18 ° 1 0 '4 5 " E 177°35 810")
47a 87 166 +21 1 64 179 +30 1 .26
47b 101 155 +19 1 68 170 +30
48a 1 32 35 -11 100 32 -47 2.27
48b 140 80 +67 17 71 +9
S i t e  23 (S 1 8°1 0 845" E 177°34 ’50")
49a 267 128 +4 2 36 116 - 9 3 .2 5
4 9b 21 5 68 +42 33 96 -15
50a 399 40 -70 139 68 -54 4-98
50b 392 37 -45 199 32 -4 2
S i t e  24 (S 18 ° 0 8 ’ 20" E 177°3Q ’05")
71a 373 76 -34 1118 329 +56 10-57
S i t e  25 (S 18 ° 0 8 ' 4 5 ” E
ooc-r- ' 25")
70b 238 4 6 -64 79 342 +7 3- 25
S i t e  31 (S 18 ° 0 2 '35" E 177°33 ,25")
62a 28 188 -74 296 1 26 -24 0 . 7 6
62b 48 344 - 6 8 96 1 66 +32
S i t e  32 ( S 1 8 ° 0 3 ’ 25" E 17 7 ° 3 3 1125")
64a 444 48 +64 286 347 +36 2 .57
64b 699 6 +29 453 13 -2 8
65a 450 359 -65 84 51 -5 0 4-91
65b 455
C
\J
LPvIKNCO 55 62 -4 6
S i t e  36 (S 18 ° 0 5 ' 2 0 ” E 17 7 ° 2 2 '>45")
77a 5843 303 +7 410 296 +5 3-70
77b 5558 305 +7 720 304 +2
S i t e  37 (S 17 ° 5 8 ’ 20 ” E 17 7 ° 1 7 -15")
79a No m e a s u r e a b l e moment
S i t e  38 (S 17 ° 5 8 ’30" E 17 7 °1 7 >40")
78a No m e a s u r e a b le moment
S i t e  39 (S 17 ° 5 4 '3 5" E 17 7 ° 1 9 '1 0 " )
80a 35 40 +54 33 80 -33 0 . 0 6
81 a 309 310 -57 115 325 - 5 6 1 .43
81b 353 313 - 5 5 77 331 -5 5
S i t e  4 2 (S 17 ° 4 8 '55" E 1 7 7 ° 3 4 ’00")
83a 348 322 +21 456 264 +31 6-95
83b 366 335 +35 477 260 +25
1
420
I  N I  T I  A L 
S p e c .  No. M D I
UPPER EOCENE
S i t e  40 (S 1 7 O4 8 ' 3 0 "
92a  293 33 -3 3
92b 258 32  - 1 4
SAMPLES PROM VANUA LEVU
C o l l e c t e d  by Dr .  M. R i c k a r d
T R E A T E D  
M D I  x
E 17 7 ° 3 0 ’ 10" )
20 50 - 2 6  0 . 7 6
60 64 - 7
o f  t h e  F i j i  G e o l o g i c a l  S u r v e y
S i t e  A A u g i t e b a s a l t  f rom  b r e c c i a s  on N d e l a i k o r o  M o u n t a i n
1a 2350 182 - 2 2170 180 - 4
1b 2532 177 - 4 2449 175 + 1
1 c 2581 1 62 - 1 0 2339 170 - 6
S i t e  B A n d e s i t e  o r m i c r T d i o r i t e f ro m v o l c a n i c  p l u g ,  N d e l a n a t h a u
1a 1473 1 36 +33 1443 134 +37
421
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APPENDIX 10 (b )
F I J I  -  PILOT SPECIMEN DEMAGNETIZATION
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APPENDIX 11 (a)
NEW CALEDONIA -  SPECIMEN DATA
T r e a t e d  i n  75 o e r s t e d s ( p e a k )  a l t g r n a t i n g  f i e l d  
I n t e n s i t y  (m) i s  i n  e . m - u .  x 10 / c c *  
S u s c e p t i b i l i t y  i s  i n  e . m . u .  x 10 / c c .
L o c a l i t y  r e f e r e n c e s  a r e  t o  t h e  n e a r e s t  10 M 
S i t e s  marked * a r e  r e p e a t e d  i n  t h e  Mixed s i t e
I  N I T I A L T R E A T E D
S pec .  No* M D I M D I X
SERPENTINE COMPLEX
SP 1 (S 22!°0 0 ' 0 0 " E 1 6 6 ° 2 8 ’351.)
3a 362 29 + 5 359 330 +8 0 . 0 8
4a 99 2 - 4 2 62 8 -42 0 . 0 2
4b 15 72 +33 6 101 +61
5a 13 350 0 7 1 58 +4 0 . 0 3
5b 31 27 -3 2 8 61 - 1 3
5c 45 336 - 2 8 19 24 -1
7a 689 8 - 4 8 618 335 - 5 2 0 . 0 6
7b 83 313 +17 38 262 +22
SP 2 (S 21 °01  !45" E 1 6 4 ° 4 2 s0 0 ")
8 a 1 2 5 8 1 62 +31 851 167 +4 2 0 .4 4
9a 6769 1 61 +40 1310 168 +47 1 .35
1 0 a 31 59 +1 17 80 +44 0 . 1 8
1 0 b 36 105 - 3 1 19 106 - 1 1
1 1 a 1576 358 -54 768 4 - 3 6 1 . 3 8
l i b 1357 358 -4 8 768 2 - 4 3
1 2 a 133 10 -4 5 36 8 - 5 0
1 2 b 203 0 -4 7 91 6 -54 0 . 3 0
SP 3 (S 2C)°45'! 35" E 164 25*45")
2 1 a 1475 297 0 1 2 5 6 286 +24 1 . 8 0
SP 4 (S 2() ° 2 7 1: 45" E 164°11*40" )
32a 313 349 - 4 0 407 347 - 6 9
3 2 b 209 348 -33 327 330 - 6 1 0 . 6 0
33a 128 272 - 3 9 90 238  - 5 3 0 . 0 2
33b 192 289 -7 5 120 267 -77
34a 137 257 - 5 2 1 1 2 250 -48 0 . 0 9
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I
I  N I  T :r A L T R :E A T E D
S p e c . N o • M D I M D I X
SP 5 (s ;2 0 ° 2 7 ’ 55" E 1 6 4 ° 1 1 ' 3 0 " )
3 5 a 65 298 - 8 1 4 2 1 54 - 7 3 0 . 0 5
3 5 b 46 5 - 7 8 53 171 - 6 8 0 . 1 3
3 6 a 54 6 5 - 4  6 354 28 - 7 2 0 . 1 3
3 6 b 328 12 - 4 5 189 14 - 5 4
3 7 a 158 226 - 7 2 131 220 - 6 8 0 . 0 5
37b 174 242 - 7 2 13 6 212 - 6 3
3 8 a 313 3 - 4 0 111 10 - 3 3 1 . 2 5
3 9 a 28 115 " 7 5 19 156 - 5 4 0 . 0 3
39b 45 40 - 7 6 24 3 2 0 - 6 7
SP 6 (s 2 0 ° 1 4 ' 0 5 " E 1 6 4 ° 0 0 ’ 5 0 " )
4 0 a 1 3 6 9 7 +3 8 1 3 21 - 3 6
41 a 197 12 - 1 8 114 20 - 3 4 1 . 6 5
4 1 b 256 350 +3 4 6 275 - 3 8
4 2a 30 2 3 1 52 - 3 0 328 123 0 0 . 2 2
4 2 b 3 6 7 6 250 -2 348 130 - 8
4 3 a 646 7 318 - 1 8 1 3 4 0 3 2 6 - 3 0 1 . 5 0
4 4 a 523 187 - 8 121 30 9 +4
4 5a 176 3 2 9 - 3 3 56 179 +4 6 0 . 0 3
4 5b 153 337 -2 1 79 175 +47
4 6 a No m e a s u r e a b l e moment
4 6b No m e a s u r e a b l e moment 0 . 0 1
4 7 a 7 75 +37 4 3 6 233 +65
4 7 b 116 96 + 1 2 4 1 1 9 +52 0 . 0 0
4 8 a 4 3 9 159 - 8 46 140 - 4 4 0 . 1 0
4 8 b 8 4 0 1 61 - 4 54 57 - 6 2
4 9 a 379 100 - 1 6 57 175 - 3 7 0 . 1 1
SP 7 (s
c-CM
OoCM ' 0 0 " E 1 6 4 ° 14 * 1 5 " )
5 2 a 639 343 +47 581 0 +53 0 . 1 3
5 2 b 81 5 328 +38 784 34 5 +43
SP 8 fs 2 0 ° 2 6 ' 3 5 " E 1 6 4 ° 1 4 ' 1  5 " )
5 0 a 7 1 5 261 " 3 2 71 2 257 - 4 4 0 . 1 5
5 1 a 1487 1 25 +40 79 3 135 +44 0 . 4 1
SP 9 (s 21 ° 0 5 >40» E 1 6 4 ° 5 2 ’ 00 " )
5 3 a 1 172 - 4 0 1 1 6 9 - 2 9 0 . 0 0
5 5 a 6 197 +7 8 208 +21 0 . 0 0
SP 10 (s 21 °1 2'11 0 n E 1 6 4 ° 5 2 ! 2 0 " )
5 6 a 3 9 4 9 194 +7 1534 193 + 23 1 . 6 2
56b 3964 194 + 8 13 2 0 1 8 9 +27
5 7 a 1 702 137 - 1 3 324 128 - 3 0
57b 122 170 +39 97 1 96 +44
5 8 a 3 4 6 5 194 + 21 891 1 7 9 +2 2
58b 2972 197 + 26 1235 183 +44
425
X
I  N I  T I A L T R E A T E D
Spec.  No* M D I M D I
SP 11 (S 21 °1 6 ' 1 5" E 16 4 ° 5 6 ' 5 5 " )
59a 1026 124 + 66 410 283 +7
60a 33 287 -53 40 306 -8 2
60b 22 272 -57 22 266 - 6 5
SP 12 (S 21 ° 3 6 ' ' 20” E 16 6 °1 4 ' 1 0 " )
98 a 489 290 - 6 8 431 273 - 6 9
99a 863 7 -61 336 326 - 2 5
99b 599 2 -41 87 323 +7
SP 1 3 * * (S 2C)°51 '' 1 5" E 1 64°36 M O " )
14a* 140 136 -1 7 167 335 +32
14b 86 205 -1 2 44 54 +42
SP 14 (S 2110 3 6 ’' 55” E 1640 1 5 , 15n)
100a 59 325 +14 46 323 +8
101a 538 8 -3 8 415 9 -41
MIXED SERPENTINE AND PALAEOGENE LAVA
MX 1 * (S 20 U51' 15” E 164^36 * 10” )
1 4 a * 140 136 - 1 7 167 335 +32
14b* 86 205 -1 2 44 54 +42
15a* 689 327 - 4 2 287 323 -4 8
1 6a* 640 351 -44 363 332 - 5 9
1 6b* 328 195 +49 344 314 +60
18a 311 34 5 -5 8 268 219 - 8 9
PALAEOGENE LAVAS
PG 1 (S 22 0 9 ' 05" E 166° 2 6 ' 5 0 ” )
1 a 1 347 +65 1 346 -4 0
1b 1 34 +13 2 33 - 5 5
2a 8 354 - 4 2 8 354 -41
2b 13 354 - 4 0 12 354 -4 3
PG 2 (S 20 ° 4 8 ' 4 0 ” E 164° 2 6 ‘ 50M)
19a 131 292 -5 7 101 315 - 3 6
19b 91 263 - 2 8 38 323 -41
20a 74 213 - 3 7 51 187 +25
20b 84 214 +1 9 72 196 +36
PG 3 (S 21 °24 ' 20" E 165° 1 3 ' 1 5 " )
61 a 1 618 353 - 3 5 997 346 -31
62a 1031 24 - 3 9 577 73 -54
62b 1184 345 -6 7 547 352 - 4 9
PG 4 (S 21 ° 2 6 '' 0 5 " E 165° 16 ' 3 0 n)
63a 3130 9 - 4 0 738 28 -3 7
64a 2134 54 - 2 9 894 65 -2 4
65a 1832 25 - 3 8 1082 44 -2 9
1 .
0 .
0 *
0 .
0
0
0
0
1
1
0
0
0
0
2
10
4
3
03
27
50
■33
11 
■ 50
• 33
.26
.68
.86
.00
.00
.69
•30
•58
•  02 
•50 
• 72
06
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Spec.  No x
I N I T I A L  T R E A T E D
M D I  M D I
PG 5 (S 21 ° 3 1 ' 30" E 166° 1 4 ! 10” )
97a 1 15 +43 2 15 +4 5 0 - 0 2
PG 6 (S 22 ° 0 7 ! 55” E 166° 1 2 * 3 0 " )
103a 275 44 -7 2 240 52 -71
103b 102 30 - 6 5 89 29 -7 4 0 .0 3
104a 74 10 +65 48 6 +71 0 .0 3
103a 8 12 -31 8 19 - 3 6 0 .01
10 5b 6 7 - 2 5 4 20 -3 7
PG 7 (S 21°34 '1 5 " ! E 165>°49! 3 0 ” )
72a 733 0 - 3 0 515 359 -41 0 . 1 8
73a 303 114 - 5 9 168 34 -8 4 2 .1 0
73b 642 149 -71 225 129 -81
PG 8 (S 21 ° 3 5 ' 00” E 165° 4 9 ' 3 0 " )
75a 496 44 -4 4 161 16 - 4 0 4 . 5 9
76a 741 353 -2 7 627 329 -3 7 5.71
PG 9 (S 21 ° 3 5 ' 30 ” E 1 6 5 ° 4 9 ' 0 5 ” )
77a 8 344 +32 79 346 +31 0 .0 3
78a 31 339 +30 59 310 +23 0 . 0 2
78b 44 331 + 26 44 331 +27
79a 16 326 +32 26 305 +34 0 . 0 2
79b 21 334 +29 33 307 +32
80a 34 67 - 2 9 31 65 -33 0 . 0 2
80b 21 82 -24 1 2 44 - 4 8
81a 48 326 + 23 17 336 +21 0 .0 3
82a 59 322 +28 44 324 +29 0 . 0 2
83a 9 340 +44 8 340 +43 0 . 0 2
PG 10 (S 21: ° ^ 3 ' 4 5 ” E 1 65C*5 0 ’ 0 0 ” )
84a 5653 320 +13 394 328 +83 3 -5 8
85a 480 338 +25 130 308 - 1 2 7 .81
PG 11 (S 21! ° 3 3 1i 25 ” E 1 65C* 5 0 '1 0 ” )
91a 8 312 +15 14 303 +17 0 . 0 2
92a No m easureab le  moment 0 . 0 2
93a 14 279 +23 12 331 +21
93b 24 336 +21 20 327 +1 9 0 .0 2
94 a 746 300 +44 736 294 +39 0.01
94b 304 306 +46 290 297 +37
PG 12 (S 2 0 ° 5 1 '> 15 " E 1 6 4 ° 3 6 ' 1 0 ” )
15a 689 327 -4 2 287 323 - 4 8 1 .2 6
1 6a 640 351 -44 363 332 - 5 9
1 6b 328 195 +49 344 314 +60 1.68
18a 311 345 -5 8 268 219 - 8 9 1 .86
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S p e c .  No x-
I  N 
M
I  T I  
D
A L 
I
T R E A T  
M D
E D 
I
PG 13 
8 8 a 8
(S 21 
349
° 3 3 125" 
+20
E 1 6 5 ° 5 0 135 
4 327
" )
+2
8 9 a 19 309 + 23 12 295 +18
89b 54 324 +17 50 31 6 +18
90a 28 250 - 2 4 28 302 +13
90b 38 299 +32 36 299 +23
METAMORPHIC «PHYLLADES5
MM 1 (S 2 0 ° 2 7 , 00" E 1 6 4 ° 2 6 5 0 0 M)
22a 8 71 +50 2 47 +88
22b 6 156 +88 3 47 +88 0 . 0 4
24a No m e a s u r e a b l e ! moment 0 . 0 0
24b No m e a s u r e a b l e ! moment
MM 2 (S 2 0 ° 2 7 120” E 1 6 4°20  ?2 5 ” )
25a 1 203 “ 55 2 293 - 6 9 0 . 0 3
25b 2 320 - 7 6 1 222 - 6 0
MM 3 (S 2 0 ° 2 a , 0 5 M E 1 6 4 ° 2 4 ' 5 0 " )
26a 1 280 - 4 6 No m e a s u r e a b l e  moment 0 . 0 2
26b 4 -3 4 6  +1 No m e a s u r e a b l e  moment
27a 2 31 +24 1 315 - 3 8 0 . 0 2
27b 3 302 - 4 9 2 280 -41
MM 4 (S 2 0 ° 2 7 ' 2 0 M E 1 6 4 ° 2 0 , 2 5 m)
3 1 a 1 357 - 5 0 1 75 “ 44 0 .0 1
MM 5 (S 2 0 ° 2 1 ’0 5 ” E 1 6 4 ° 2 4 150" )
28a 0 302 +73 0 292 +17 0 . 0 2
29a 1 282 -41 No m e a s u r e a b l e  moment 2 . 4 3
29b 11 128 - 6 0 No m e a s u r e a b l e  moment
FORMATION A CHARBON
PC 1 (S 21W3 7 * 0 5 M E 1 65 °3 8  50 0 ” )
66a No m e a s u r e a b l e  moment 0 . 0 0
66b No m e a s u r e a b l e  moment
PC 2 (S 2 1 ° 3 7 ' 3 5 " E 1 6 5 ° 3 S 10 0 ” )
67 a No m e a s u r e a b l e  moment 0 . 0 0
67b No m e a s u r e a b l e  moment
68a 0 98 - 3 7 No m e a s u r e a b l e  moment 0 . 0 0
PC 3 (S 2 1 ° 4 3 , 40" E 1 6 5 ° 5 0 10 0 ” )
69a No m e a s u r e a b l e  moment 0 . 0 3
7 0 a 6 328 - 1 6 4 340 - 5 7 0 . 0 3
70b 6 321 -31 5 343 - 4 8
7 1 a 2 300 +56 No m e a s u r e a b l e  moment 0 .0 1
4 28
APPENDIX 11 (b)
NEW CALEDONIA -  PILOT SPECIMEN DEMAGNETIZATION 
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